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S Introduction

[ The results are presented from a study to determine the differential

pressure loading across the exterior walls of a shelter structure when

it has been exposed to a blast wave. Experimental pressure-time records

• obtained from opposite sides of the walls and the algebraic subtraction

: of the two records are shown for an input stock over pressure of 5 psi.

Preliminary results are shown for a basement type shelter model in

which it is assumed that the upper floors of the structure containing

the shelter are blown away by the blast wave. High speed photography

was used to record the motion of the shock wave as it entered through a

top entrance into a two-dimensional model. A smoke grid tracer met-hod

w as used to follow the shock created air flow within the model.

S B. Experiments

Two- and three-dimensional models were exposed to step shock waves

S produced in the Ballistic Research Laboratories (BRL) shock tubes. As

was notea above, photography was used to monitor the two-dimensional

•_ experiments. Pressure transducers placed in the walls of the three-

~ dimensional loading model were used with a tape recorder system to acquire

the pressure-time loading data.

[ C. Results and Conclusions

The Appendixes of the report contain pressure-time records, a

S computer program to predict the loading on the out-ide of the front wall

with a single opening exposed to a step shock wave, photographs, and

tables of flow calculations.

comparison is made of the experimental loading results with. the

- prediction methods given by the Army design manual, TM5-856-1.

The following conclusions are believed to be valid over the test

S pressure range of 5 to 10 psi.

1. The clearing time which is the time required to reduce the

front wall to stagnation pressure, is apparently proportional to the

3



5 E smaller of the half-width or the height, and not proportional to a £

weighted sum of the wall opening-edge dimension as indicated in the

design manual. This is probably true because reflections frau the

entrance walls do not allow the faster predicted clearing time to occur.

2. Internal side wall reflections cause a higher internal

front wall loading than is predicted by the manual. Also, some type of

oscillating loading function should probably be used in any prediction

method devised.

3. The area influenced by the edge vortices may be limited

to that within a few inches of the edge. For full size structure walls,

this region might be neglected if the major vortex effects still occur

in the first few inches from the edge.

4. The basement shelter results are quite preliminary, but

they appear to show a strong flow towards the floor from the overhead

entrance, and not at a shallow angle into the model, as it previously

was thought to occur.

4
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1. INTRODUCTION

The purpose of this study is to determine the differential loading

across the exterior walls of a shelter structure when it is exposed to

a blast wave. A secondary goal of the study is to determine the internal

air flow inside of a basement type shelter if the upper floors have been

destroyed by the blast wave. In this case, the blast wave is free to

enter through the overhead interior stairwell. The problems of structure

removal and the debris are not considered. The internal flow study will

continue into the next work period and initial results are reported

here. The work is sponsored by the Gffice of Civil Defense (OCD) under
a contract (Work Order Number DAHC-20-70-W-0310 with the Ballistic

Research Laboratories (SRL).

The differential loading part of the study was done with a three-

dimensional model exposed tc tep shock waves produced in the 5.5 ft

BRL shock tube. Pressure transducers were used to measure the piessure

as a function of time at locations on each of the shelter walls. The

differential load was recorded by electronically combining the outputs

from each pair of transducers inside and outside.

The study of internal flow was begun with a two-dimensional model

exposed to air shock waves in the photographic section of the 4 x 15 in.

shock tube. The shock induced air flow within the model was photograph-

ically monitored with smoke grid tracers.

Data from each experiment are placed in the Appendixes. Appendix A

shows the several pressure-time histories recorded during the diffraction

loading experiments. Appendix B lists a computer progiam for calculating

the air shock loading parameters on the outside of a froat wall of a

shelter structure with an opening. Appendix C shows the photographs

from the flow experiment with the two-dimensional basement model.

Appendix D contains the air flow tables and vector plots calculated

from motion of the smoke grids.

Preceding Page blank



U
Ii. EXPERIMENTS

In order for existing structures which are used for shelters
*

(References 1, 2, and 3) to be evaluated for strength correctly, the

differential loading caused by blast waves needs to be better defined.

Accordingly, experiments are being carried out at. the BRL Shock Tube

Facility to acquire this type of information. Part A below describes

one such experiment at the S.5 ft diameter shock tube.

If one assumes that the upper floo'cs of a protective structure are

removed by a blast wave, the problem then becomes one of flow into the

basement through the interior overhead entrance. A two-dimensional

experiment described in Part B below, was designed to visualize tne

internal air flow associated with this type of filling process.

Table I summarizes the pertinent model data.

A. Three-Dimensional Experiment

This experiment consisted of instrumenting the interior and exterior

walls of a model of a single room structure with one entrance. The

model was then exposed face-on to step shock waves of a nominal 5.5 psi

overpressure inside the 5.5 ft shock tube. Figure 1 shows a sketch of

this model (Model 37) with the transducer locations.

The pressure transducers used were a ceramic piezoelectric type

(Susquehanna Instruments ST2) coupled to a source follower (Piezotronics

PCB 402A), and the voltage output (pressure-time history) was recorded

by a tape recorder (Bell and Howell VR 3300). The FM recorder had a

frequency response of near DC to 20 KHz.

The same instrumentation was used to determine the loading for the

two-dimensional wall - Model 38. A sketch of this model with transducer

locations is shown as Figure 2. This model was two-dimension early in

time only, until reflections or rarefactions returned from other edges.

References are listed on page 62.

14



Table I. Model Data

Model Size Type of Input A/AF,% V/A, ft Remarks

Filling Pressure,
Spsi

hod ls for S. ft Shock ) be

37 lOxlSx2S in. Front 5.5 ... 17 6 6 I/2x8 in.

38 2 3/4x13 1/2 in. Front 5.6 - - entrance

38-A 4.18x8.375x3 in. - 5.0 No Ope ing two-dimen-
sional

wall

Mod.1 for 4 x 1S-in. Shoc Tube

39 2 1/2 x 4 in. Top 5, 10 0.83 two-dimen-

sion-il

1 x 4 in.

entrance

at top

15
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In both experiments, the differential records were obtained by differential

operational amplifiers which electronically combined the output of each

set of exterior-interior (or upstream-downstream) transducers.

B. Two-Dimensional Smoke Grid Experiment

The smoke-grid model (Aodel 39) was designed to simulate a basement

type shelter when the above ground floorsare assumed destroyed by the

blast wave. Figure 3 shows a sketch of the model mounted in the

4 x 15 in. shock tube photographic test section. A high speed framing

camera was used to record the motion of the smoke grids as the air was

disturbed inside the model.

I1I. RESULTS

The results are presented in two sections; (A), the results of the

differential loading experiments, and (B), those frour the basement model.

A. Differential Loading

The complete set of pressure-time records from the loading experi-
ments are placed in Appendix A. The records for Model 37 are shown first

in the order of front wall, side wall, and back wall. After these are

shown records obtained with Model 38; and last are the records for the

input shock waves. These records display oscillations caused by reflec-

tions from the model.

Three representative sets of pressure-time histories of the wall

loading of Model 37 are shown in Figures 4 - 6. Figure 7 shows the

first set of traces recorded at the gage location nearest to the edge of

Model 38. Table II summarizes the data obtained with both models. All

arrival times referred to in this r,:port indicate the time of arrival

at the front of the models and are not shown on these traces, but are

listed in Table II.

Figure 4(A) shows the pressure-time history for Position 3 on the

outside of tat front wall of Model 37. There are three main regions of

interest that can be observed. Initially, the incoming shock wave was

18
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lable II. Summary of Results

A. Differential Loading Experiment

Shot Pso Wall Position First P Arriv- Model Remarks

psi Peak, psi al

Time,
___usec

_5-70-5 5.5 Front 1 12.1 12.1 0 37 13-D Model

1A - 10.1 326

1-1A 12.0 12.0 - Shot 5-70-5
5-70-5 5.5 Front 3 11.9 1i.9 0 P= 14.7 psi

i3A - 10.8 436 1 T1 =- 39.4°
5 - Fn 3-3A 11.8 11.8 - A = 1163 ft/sec

r5-70-5 S.5 Front 4 12.0 12.0 0

4A 1.5 9.7 320 Position 2 Lost

4-4A 12.2 12.2 -

5-70-5 5.5 Front 5 111.7 11.7 0

SA 1.7 10.6 343
_ 5-SA 11.6 11.6 0

I j Shot 5-70-10

5-70-10 5.3 Side 12 54 5.7 239 37 P1 = 14.9 psi12A 5.7 9.8 401 T t27.SC

,•,•12-12A 5.6 -6.2 229 A1 1141 ft/sec

27- Shot S-70-8

-70-8 5.5 I Side 13 5.6 - 255 p= 14.8 psi
13A 2.3 8.9 440 1 = 29.4°C

'13-13A 5.7 -6.1 255 A= 1145 ft/sec

5-70-8 5.5 Side 14 5.2 6.3 245

114A 2.8 7.7 449

__ 14-14A 5.1 6.1 243
S~Shot 5-70-9

5-70-9 5.9 Side 15 3.8 6.2 977 P 14.8 psi

ISA 3.4 10.1 1090 T1  33.9°c

II15-15A 3.8 -4.8 989 A = 1153 ft/sec
24I



Table II. Summary of Results (Continued)

A. Differential Loading Experiment

SLOt Pso Wall Position First Pmax' Arriv- Model Remarks

psi Peak, psi al

psi Time,psie
-

5-70-8 5.5 Side 16 4.7 1 6.5 1000

16A 3.4 9.6 1052

16-16A 4.5 5.3 977

5-70-9 5.9 Side 17 4.8 6.3 968

17A 4.7 9.2 1043

17-17A 4.8 -5.1 968

5-70-9 15.9 Side 118 4.5 7.5 1710
18A 4.6 12.5 1833

18-18A 4.1 -6.4 1703

5-70-8 5.5 Side 19 4.8 6.3 1713

19A 3.1 10.7 1829

19-19A 1 4.3 -5.7 1713
Shot 5-70-9

5-70-9 5.3 Side 20 5.1 6.2 1703 37 P = 14.8 psi
20A 2.4 10.3 1776 = 33.9 0 C

20-20A 5.1 -5.3 11695 AI= 1153 ft/sec

SShot 5-70-7

5-70-7 S.5 Rear 21 3.4 5.7 2184 37 P = 14.9 psi

21A 10.0 13.7 1915 T = 31.40C

20-20A -9.8 !0.-. 1912 A = 1149 ft/sec__ __ _ __ _ _ 1

Shot 5-70-10

5-70-10 5.3 Rear 22 1.1 6.6 2166 P = 14.9 psi

22A 6.5 10.8 .1861 T = 27.5 0C

22-22A -6.6 -8.1 11861 A= 1141 ft/sec

5-70-7 tS Rear 23 1.4 5.9 2184

23A 7.0 10.6 1847

23-23A -7.0 -8.8 1843

25



Table II. Summary of Results (Cc'ntinued)

A. Differential Loading Experiment

Shot . Wall Position First Pma, Arriv- Mo&11 Remarks

psi Peak, psi al i
psi Time,

__ sec

5-70-7 5.5 Rear 24 1.5 6.2 2169

24A 5.3 13.8 11868

24-24A -5.0 -10.0 11876

5-70-10 5.3 Rear .25 1.1 7.4 2452

125A 3.3 10.7 1813

25-25A -3.4 -9.0 1823

5-70-7 S.5 Rear 26 3.1 6.9 2618

26A 3.8 15.6 1801

126-26A -3.6 -8.4 1788

5-70-11 5.6 Front 1 12.3 12.3 0 38 2-D Model

IA 1.4 6.0 401 P = 14.75 psi

1-1A - - r T 36.2°C

2 12.6 12.6 0 A = 1160 ft/sec

2A 1.2 6.9 656

2-2A - - -

3 12.7 12.7 0

t3A 1.1 6.8 822

3-3A - - -

4 12.8 12.8 0

4A 0.6 7.5 1036

4.-4A - - -

26



Table II. Summary of Results (Continued)

B. Flow Experiment

ShotIPs, Grid Time, Velocity Q 2 4odel A/AIN Remarks

Ipsi Position psec ft/sec lb/ft 2

359 4.9 Front 165 11-456 0-261 39 .2 Shock

206-288 5-311 10-194 T
330-371 7-239 0-106 i

412-453 11-372 0-159 Model 39

494-535 8-278 0-106 1 in.

entrance

All Shots

P = 14.8

psi

T1 = 20.7°C

363 4 .:-widdle 124 2-144 0-23 39 .25 T = 21.20C

166-208 2-251 0-72

249-332 42-730 1-752

374-457 19-230 1-64

_498-623 9-267 0-47

365 49 No Swke 39 .25 T01 0 .

Grid

366 10.1 No Smoke 39 .25 T1 =21.70 C

Grid

368 10.0 No Smoke 39 .25 T = 21.0

Grid

27



U
reflected by the model front surface to a.v liue determined by the

input shock wave strengths. A series of rarifaction waves from the

edges of the entrance and front wall reduce the pressure to ,:ome

average stagnation pressure value. Other positions on the outsi.Ie wall

experienced similar loads with some pressure-time variations dependiij

on the nearness of the relieving edges.

Figure 4(3) shows the position on the inside of the front wall

corresponding to Figure 4(A). A more complicated pressure-time history

exists on the inside than on the outside. The shadowgraphs shown in

Figure 8 (taken from Reference 4) illustrate the complicated multiple

reflections of the incoming shock wave. The first group of reflections

(u - 3 msec) come from the near side walls, and later from the rear wall

(3 - 10 msec). A third, larger period of oscillations compared to first

two groups correspond to a fill-time frequency.

Figure 4(C) is obtained by the elect~onic subtraction of the second

from the first trace. The result is the differential loading for a

position. The front loading is first inward (positive) until the

reflected shock wave returns from the back wall and the loading becomes

outward (negative). This outward force remains until an equal pressure

is established on both s.Ldes of the front wall.

Figure 5 shows a similar set of traces representative of the side

wall date taken at Positions 13, 13A, and the difference of the traces.

The outside wall pressure is about equal to the pressure of the input

shock wave (5.5 psi) at early times. Subsequently there is some decay

to a lower pressure (3.0 psi) and an increase back to an average value

of about 4 psi.

The pressure record of Position 13A on the inside of the si4i, wall

resembles the record from the inside of the front wall, second trace,

Figure 4. As in Figure 4, there is an initial group of side-wall

reflections, followed by a second group with larger amplitudes. There

seens to be a lack of any sudden low pressures dip indicating the presence

of a strong vortex created by the nearest edge, 3 1/2 in. away. The

28
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Figure 8. A Shock Wave Entering the Front of a Model
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first portion of the bottom trace, Figure 4(C), shows a positive

inward pressure which results in a positive differential pressure where

the second group of reflections arrive from the inside back wall. The

difference becomes negative, or outward. Appendix A shows the records

from the remaining side wall position~s.

Figure 6 shows a set of traces taken from the back wall of the

model at Positions 24, 24A, and the difference between them. The upper

trace, from the outside wall, shows an increasing rise to a pressure

equal or above that of the input pressure of Ps = 5.5 psi. A noticeable

pressure dip follows which was possibly caused by a vortex propagated

from the rear edge of the model top.

The corresponding inside Position 24A, shows pressure oscillations

similar to those seen at Positions 3A and 13A. Because of these large

oscillations' in the pressure, the difference trace between 24A and 24

gives an almost all negative, or outward result. Again, the remaining

records for the rear surface are to be found in Appendix A.

The results of the second differential loading experiment are given

in Table II for Model 38, shown in Figure 2. The model positions are

numbered from the outside free wall edge, toward the bottom plate.

Upstream facing positions are numbered Positions 1 - 4, and positi-is

behind the wall are labeled Positions 1A - 4A. Refering back to Figure 7,

records from Positions 1, IA, and the difference between them are shown.

The upper record, taken at the front of the wall shows a pressure

decay from the initial reflection of the input wave to some value near

stagnation pressure. Three portions of this decaying part of the record

corresponded to arrival of rarefaction waves from the different relieving

edges of the model wall. Only the first rarefaction is really two-

dimensional. Mounting plate edges cause additional relief after this

initial two-dimensional relief phase. An undershoot in pressure in

This ste_.i*e" p*resaure growth is to be reported in more detail in a
BRL Memorandum Report to be pubZiahed.
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U
the decay phase occurs which lowers the pressure below stagnation

pressure; then pressure builds up again to about the value for stagnation

pressure.

The second trace shows the pressure-time record from the rear of

the wall, Position lA. During the time of this trace, the shock wave

has diffracted over the wall and down the back with a corresponding

pressure decay. The sharp dip to zero pressure is caused by the vortex

from the back edge of the wall. The pressure builds again to a value

somewhat below the side-on value of input pressure.

The difference trace, shown at the bottom of Figure 7 shows a

positive loading against the front of the wall during th, recording time.

Records for the remaining positions on Model 38 may be found in

Appendix A, Figure A-4. Examination of these traces does not show the
vortex dip, as was observed at Position IA. The last three positions in

this group, Figure A-4, show a smail negative difference for a short

time. This net inward pressure on the outside of the rear wall is

caused by reflections of the shock wave at tht base ef the rear wall.

B. Flows in the Basement Model

Preliminary results from a two-dimensional basement model are
presented in this section. The-shock wave was allowed to approach over

the top of the model; it then moved into the model through the overhead

entrance.

Photographs of the entrance-shock wave interaction display a

relatively =omplicated process. Previous work (Reference 4) showed the
shock wave as it enter,•d through the front entrance of a geometricaliy

similar model. A comparison of the two types of entrance effects are

shown in Figures 8 and 9. The reflection processes of the shock wave

appear similar in the two models. However, the flow into the model from

the top entrance as indicated by the general direction the vortices are

moving appears to be directed primarily downward in Figure 9. The
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direction of thi vortices is not towards the far end of the model as

expected. The vortices stay near the front of the model instead of

crossing the model.

Table II presented before, summarizes the average air flow speeds

at discrete times, measured from the time when the shock wave reaches

the inside of the entrance. The range of speeds is quite wide and

spee"s of several hundred feet per second were calculated. This agrees

with earlier work wh-ch was discussed in Reference S. Similar flow

speeds were found for a variety of entrance configurations at the same

input pressure.

Appendixes C and D contain the photographs, air flnw tables, and

vector plots of data from Model 39.

IV. COMPARISONS OF RESULTS WITH THEORY

The purpose of this section is two-fold; first, to present an

empirically derived computer program prediction for the pressure loading

by a step shock wave on the front wall of a structure with or without
*

an opening. Second, the results of the present differential loadingi experiments will be compared with the structure loading prediction

methods of Reference 6.

A. Front Wall

The pressure-time records from the outside of the front wall show

three main divisions of pressure which will affect the wall loadingf..

Initially, the input shock wave loads all position on the wall with

reflected pressure at a given position. The reflected loading remains

until a rarefaction wave arrives from the nearest edge. This second

phase, or unloading process, continues as other rarefactions reach the

position from the otvher edges and openings until the stagnation pressure

A more general case allowzng multiple openings and a general waveform
for the input shock wave will be reported later as a BRL Memorandum
Report.
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for the input wave is reached. The unloading process occurs in some

clearing time for the entire front face. The front wall load lasts at

a higher level for a longer time than is predicted from Reference 6.

A semi-log plot of the pressure-time curves led to the assumption that

the decay portion of the loading might be represented by two exponential

decay tquations. These equations together with their time bounds are

shown in Figure 10 with a schematic of a front wall with an opening.

For the computer program, tLe front wall is divided into general

zones with incremental area subdivisions, then calculations for pressure-

time loading at each of one-hundred increaents of area are performed.

The total loading is calculated by summing the incremental pressures

over the area for each of fifty time increments. An example of the

output format is shown in Table III. The Fortran IV program is listed

in Appendix D.

Figure 11 shows a sketcb. of a rectwagular model (Model 38-A) with

no openings, used in the experiments of Refere-ce 7. Predictions from

the machine program are compared in Figure 12(A) with experimantal

records obtained from Positions A and C. Figure 12(B) compares the

experimental pressure loading obtained from Positions A, B, and C with

the computer prediction and the loading prediction from Reference 6

using the method below.

The clearing time is given by

t

tc = 3h /Crefl , (8)

where h is height of Model 38-A since h < width/2 and Crefl is the

sound speed for reflected shock. For PS = 5 psi, and t. = 852 isec.

The average loading curve is drawn as now identified. The average

loading pfedictea in this way is higher than the experimental results.

Figure 13(B) shows a similar average loading comparison for Model 37,

which has an entrance. The notation is that used in Reference 6.
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Figure 10. Notation and Equations for Computer Program -
Loading of Outside of Front Wall

36



0

.0ii x
4-

4.-
.a

37



:" P 5 PSi MOI)EL 38-A

4.18 x 6.3?5"S 3.0"
NO OPENING

0 POS. A

to X X POS.C
-EXPERIMENT

0X

4

o .. i * I , I , 1 , I , 1 , I , I , I , * 1

0 200 400 600 800 1000

TIME, j SEC.

(A) PRESSURE -TIME LOADING ON THE FRONT WALL

12
PREF Pox 5 PSI

0 REF-TM5-S56-110
X SRL CODE

"I ýX A. EXPERIMENT
N( tc

~k X =Ps +.0.650

S4
a.

2

0 400 800 1200 1600 2000

TIME ,, SEC.

(6) PREDICTED AVERAGE PRESSURE LOADING ON THE FRONT WALL

Figure 12. Loading for Front Wall of Model 38(A)

38



114 I-.• -: va'. 4MVtL
14' 2'a 0Sz~~4"s ;tod's" 36 .

•24 .- OPENIMG-816f' POS -4

10- EXPERIMENT

I.

a

U)
) 6

Ii. -

4

2

0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

TIME MSEC.

(A) PRESSURE-TIME LOADING ON OUTSIDE OF FRONT WALL

12, PREF.

10 0 REF-TMS-S56-I
X B3RL CODE

0.

40

4 |4

2

0 1,1 1 1 fI , l l , 1 1 -I, I i , J
0 .2 .4 .6 .8 w.0 1.2 1.4 !.6 1.8 2.0 22

TIME, MSEC.

(B) PREDICTED AVERAGE PRESSURE LOADING ON OUTSIDE OF FRONT WALL

Figure 13. Loading for Outside of Fropnt Wall - Model 37

39

0.#4



Table 111. Bxmpl, of HgeMahi Prog•lar tpUt

W-FT H-fT TIME-SEC PRESSURE-PSI FORCE-LOS P-T PSI-SEC

6083 .058 .000001 l2.200 34.177 .000016
•.083 .058 0000057 12.200 3417 .000700
.083 .058 9000113 10.426 29.206 .001285
.083 .058 .000170 8.539 23o921 ,001764
.083 .056 0000226 8e427 23.606 .002237
.083 .058 .000262 80315 23.295 .002703
0083 .058 .000338 8.206 22.988 .003164
.083 .058 .000394 80098 22.685 .003618
.083 .058 9000450 7.991 22.386 .004066
.083 .058 .000506 7.886 22.09t .004508
.083 .058 .000562 7,762 21.800 .004945
.083 .058 .000618 70679 Z10512 .005376
.083 0058 ,000674 7,578 21e229 .005801
083 .058 o000731 7.478 20,949 .006220

.083 .058 4000767 7.380 20.673 .006634

.083 .058 .000843 7.282 20.400 .007043

.083 .058 .000899 7.186 20s132 .007446
0083 .058 0000955 70092 19.866 .007844
.083 .058 0001011 6.998 19.604 .008236

.08i .058 .001067 6.906 19.346 .00l624
.083 .058 9001123 60815 190091 .009006
.083 .058 0001179 6.725 6.839 .009383
.083 .058 .001235 6o636 I6O591 :009756
0083 .058 .001292 6o549 18.346 .010123
.083 .058 *001348 6,463 186104 .010486
.083 .058 o001404 6,378 170866 o010843
.083 .058 .001460 6.293 17.630 0011196
.083 o058 6001516 6.211 17M398 .011545
o083 .058 .001572 6.129 17*169 .011889
.083 .055 00C162& 6o048 16.942 e012228
.083 .058 .00; 84 5o960 16.719 a012563
.083 .058 .001 40 5.960 16o696 .012897
.083 .058 :001 '6 5*960 16:696 .013231
.083 .058 *0018 3 9o960 16o696 .013566

0083 .058 .001909 5.960 160696 .013900
.083 .058 0001965 5.960 160696 .014234
.083 .058 .002163 50960 16.696 .015418
.083 .058 .002362 5.960 16o696 .016601
0083 .058 .002560 5.960 16.696 .017784
.083 .058 o002759 50960 160696 .018967
.083 .058 .00295 5.960 160696 .020150
.083 .058 .003156 5,960 16,696 e021333
.083 058 o003354 50960 160696 ,022516
e083 .056 .003553 50960 16o696 0023699
.083 .058 .003751 5.960 160696 .024882
.083 .058 .003950 5.960 16.696 "026065
.083 .058 .004146 50960 160696 .027248
.083 .058 .004347 5.960 160656 .028431
.083 .058 .004545 5,960 16.696 .029614
.083 .058 .004744 5.960 16.696 .030797
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Table III. Exaqli of Machins P•opm (ttput (Cmtinued)

FORCE ON FRONT

T|NE.egC TOTAL FORCE-LB. AVERAOH PRESSUR£-FS!

0,000001 2734.1 12.2n
O,00(1057 2717.7 &2*13
000113 2486.9 116.0

00.1170 2290.1 10022
0.000226 2211.*.7 987
09000262 211705 9.45
0,000338 203009 9,06
0 000394 195707 6.74
0,000455 1894.4 8.45
09000508 1840,5 3.21
0,000561 1804.1 8.05
OOO0618 1773,4 7.91
0,000674 1747.2 7s80
0o000?31 1721e4 7s68
0,00018t 1696.0 7057
2 000043 1671.0 7.46
0,000899 1646.4 7*35
09000955 1622.1 7.24
0,001011 1598.2 7.13
0,001060 1574.7 7.030,001io 3 1551.5 6.92
0,001170 1528.6 6.82
0,001235 150601 6.72
00001292 1494.0 6,62
0,001348 1462.1 6952
0,001404 1440.6 6.43
00001460 1419.4 6.33
0,001516 1398s6 6.24
0:001572 1378.0 6.15
0,00162O 1357.7 6,06

O0O016O4 1337.8 3097
0o001740 1335.7 5.96
0o001796 1335.7 5.95
0,001653 1335.7 5.96
0o00oo00 1335.7 5.96
0,001965 1335,7 5.96
0,002163 1335.7 5,96
0,592362 1335.7 5096
0,002060 1335.7 5.96
08002759 1335.7 5,96
0,00295? 1335.7 5.96
0o003156 1335,7 50i6
0,003350 1335,7 5,96
0,003653 1335.7 5.96
00O3?51 1335.7 5.96
0,003506 1335.7 5.96
0,004148 1335.7 5056
0,00434? 133507 5.96
0,004649 1335,7 5.96
09004744 1335.7 5.96
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The clearing time,

tc= 3h f/Crefl. , (9)

6 h'A

where h ,f _A < h ; (10)

where Af is net area of front, An is area of zones on front. (See

Figure 10), hn equals the distance between edges which relieve the

pressure in zones la, hn equals the smaller of height or width for zones

lb, and hn equals the distance between the edge relieving and the

opposite side of zone 2. 6n equals one-half for the zones designated lant

and equals one for all other zones. h equals the smaller value of the

height or half-width of the front. The values of t equals 892 Psec

for Model 37, where hf equals 4.38 in. and Cref equzls 1236 ft/sec.

A similar prediction can be made for the inside front wall of

Model 37, where

- n n nh -Ai- 3 55 in. (11)if in

From Figure 14, Psoi equals 1.82 psi, the average inside peak pressure

for an opening 17 percent of th.e total front wall area. For the ambient

sound speed, Co, of 1163 ft/sec for the experiment, then,
1 6 Psot1/2

Uio= CO + -7-':o)/ = 1193 ft/sec, (12)

the speed of the shockwave inside with pressure Psoi* The reflected

pressure for P.0i at an ambient pressure, Po, of 14.7 psi is found from

the Equation 13:

7 P + 4 P
P 2 Ps 0'+ = 3 o .8 psi (13)
i-refl7
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U
The clearing time for the inside of the front wall is

t=4h if/Co = msec . (14)

The time for the return of the first reflection from the back wall is:

L./U. + L/Co = 3.53 msec (15)
1 10 1 0

where, Li/C° Z. 1.79 msec. The decay of the peak pressure to the outside

value is calculated from Equation 16:

3h if/C = 0.75 msec . (16)

Figure 15 shows a comparison of particular loads on the front wall

with the average predicted loads calculated from the equations of

Reference 6. The particular loid may be quite different from the

average load calculated this way.

B. Side Wall

Particular records from Positions 17 and 17A are compared in

Figure 16 with average loading predictions from Reference 6. The equations

used in obtaining these predictions are listed below.

Calculations for the average outside, side wall loading are as

follows:

For P = 5.5 psi, Us = 1336 ft/sec, P Ps, Po = 14.7 psi,5 so0

L = 2.5 ft, and h = 1.167 f,

td = L/U0 = 1.87 msec (17)

"P T =1 Ps/o2

P = P/P =0.9 + 01 1 Ps/.,94 (C8)

is the average pressure near the botcrcm of wall (zone 3 of Reference 6)

when the shock wave has reached the rear corner; • 5.2 psi.

P = P/P5 = 0.5 + 0.1252 -P /P 0.83 (19

44.



12- rof POS 4

,Ac I I I A' -AVERAGLOc-- p 8,
C: 4/tc t 3/2 Jc TM-5 - 856-1I

I•

0.

0 5 10 15 20 25

T IME, MSEC

(A) RECORD FROM POS. 4 COMPARED WITH AVERAGE PREDICTED
LOADING ON OUTSIDE OF FRONT WALL

PO S. 4 A

',.

S 6- Vp SN- - I /" t•-AVERAGE LOADING3/a2k 1 TM-5-856-1

W

eL Foi

0:

o OI liD5 I

4 5 10 5 20 25

/'Jif/o -LK6 3ifoTIME, MSEC

(A) RECORD FROM POS. 4• COCMPARED WITH AVERAGE PREDICTED
LOADING ON INSIDE OF FRONT WALL

Figure 15. Comparison of Pressure-Time Records with the Predicted
Average Loading Curves On the Front Wall

45

P0.4



POS. I?6PA\k 7

S4- -AVERAGE LOADING
D TM - 5 -1856-I

2-11
tn
w

0 5 10O 15 2 2

L/Uo 5L/Uo TIMEMSEC 5 L 1'
TIMMSC 7o Uo

(A) RECORD FROM FOS. 17 COMPARED WITH AVERAGE PREDICTED
LOADING ON OUTSIDE OF SIDE WALL

POS. 17PA121

0.

(8) "ECORD FROM POS. 17A COMPARED WITH AVERAGE PREDICTED
LOADING ON INSIDE OF SIDE WAL.

SFigure 16. C'•ipar•.son oF Recc.-dc w~th the Average Predicted
Load'ing on the Side WallI

846



and W = 4.6 psi, the minimum average pressure.

SLiUo = 9.4 msec (20)

and

15 h /U = 13.1 msec (21)

!0

where h is least of L/2 and h.

Calculations for the average inside pressure are as follows:
I

Using the values of Psoi, Pi-refl, U io, hf , and Co calculated

from above and letting Li = 2.083 ft, the following parameters may be

calculated:

Li/U.0 = 1.7 msec , (22)

2 L./C = 3.6 msec , (23)

and
3 h c/C° = 0.94 jusec ('24)

Two observationb may be made from the comparisons in Figure 16:

First, it is obvious that there is, no loading at a given ,osition

until the shock wavt arrives there. If an average loading value were

used in this case a pressure would be predicted, even though in reality

one does not exist. Thz second observation is that a low predicted

value of the average transmittal peak pressure insiae occurs. The back

wall reflected wave therefore, is also too small.

C. Back Wall

A comparison of records from Positions 25 and 25A (center of back

wall) is made in Figure 17 with average loading predictions. The loading

predictions were again made using the methods of R4feerence 6.

Calculations for the out..ide loading are as follows:

td = LiU = 1.87 msec, h = lesser of h or W/2 W/2 = .833 ft

Back wall buildup time, tb = 4 h /C - 2.87 mse.. (25)
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I

CFback)max = Psb (½) [I + (1 + ,i (26)

which gives the average peak pressure at buildup time, t

Ps= P = P = 5.5 psi, for step shock wave.
so sb s

8 = 0.5 Pso /Po = 0.187 (27)

and

(Pback)max = 4.6 psi

P back + 1-kmPs back max (td + tb - (28)
s P L �'sb [ to tb

Calculations for average loading on the inside of the back wall are

as follows:

Td = L i/Uio = 1.7 msec and h ib Li, since there are no

openings in the back wall. 2 Li/C° = 3.6 msec.

10

3h ib/Co = 3 L/C = 5.4 msec (29)

Psoi 1.82 psi, P i-refl = 3.8 psi, and Ps 0.8SQ = 5.9 psi.

Fer a step shock wavk the positive duration, to0 approaches infinity,
and P-back = (Pback) max*

The major differences between the average loading predicted and the

data records occur again for the inside loading. The reason for this

was previously, an underprediction of Psoi and therefore, P i-refl if

the predicted value for P i-refi should be much higher than the outside

pressure, then Pi-refl would fall to Pstag' instead of Ps + 0.85Q as

predicted.

The underprediction of Ps 0 i seems to be a serious defiLiency, of

the method.
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K
V. StMAR1 AND CONCLUSIONS

The Appendixes of this report contain the pressure-time loading

records from the differential loading experiments, a computer program

used to predict the outside wall loading from a step shock wave for the

case of a single opening; high speed photographs of the two-dimensional

basement model-shock wave interaction, and tables of the flow calcula-

tions.

From these data the foli-wing conclusions appear valid:

1. The time that is required for reflected pressure to clear

from the outside front wall is proportional to the wall half-width or

height dimension, whic'e'er is smaller. The proportionality -ppears

also to hold for the front wall with an opening. The clearing time is

not proportional to a weighted sum of the opening-edge dimensions as

indicated in Reference 6.

2. The internal reflections on the inside walls are more

complex than is assumed in previous prediction methods. This causes

larger inside loads than were predicted before. It is possible that an

oscillitory loading function could be used to account for the reflections

from the side walls.

3. The side and top wall areas influenced by the vortex

motion from the model's edges are localized near the edges aad the

effects of vortices does not seem to extend too far from the edge (some

few inches).

4. The basement shelter mcdel results are quite prcliminary,

but they appear to show a strong ai:" flow direction trwards the floor

from the entrance above. Additional experiments are being started with

larger three-dimensional mcdels instrumented with stagnation pressure

transducers. It is planned to continue this phase of the work through

the next work period.

S. Clearing time for the front wall and frequency of internal

pressure reflections should scale for a full size room. An example is

given in Appendix E.
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Figure A-]. Records from Front Wal , Model 37 (Continued)
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Figure A-1. Records frome Front Wall - Nodel 37 (Continued)
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Figure A-2. Records from Side Wall - Model 37
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Figure A-2. Records from Side Wall - Model 37 (Continued)
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Figure A-2. Records from Side Wall Model 37 (Continued)
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Figure A-2. Records from Side Wall - Model 37 (Continued)
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Figure A-2. Records from Side Well - Model 37 (Continued)
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Figure A-2. Records fro Side Wall Model 37 (Continued)
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Figure A~-2. Records from Side Wall -Mc.2e1 37 (Continued)
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Figure A-2. Recordi from Side Wa.1 - M4odel 3I (Continued)
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Figure A-2. Records from Side Wall - Model 37 (Continued)
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Figure A-3. Records from Rear Wall -Model 37
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Figure A-3. Records from Rear Wall - Model 37 (Continued)
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Figure A-3. Records from Rear Wall - Model 37 (Continued)
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Figure A-3. Records from Rear Wall -Model 37 (Continued)
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Figure A-3. Records from Rear Wall - Model 37 (Continued)
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Figure A-4. Records from Model 38
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Figure A-4. Records from Model 38 (Continued)
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Figure A-4. Records from Model 38 (Continued)
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Figure A-5. Upstream Input Records (Continued)
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APPENDIX B

COMPLrfER PROGRAM
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I ~~srflW' Afl"fIIlni'fl IV - l•

The computer program for predicting :he outside front wall loading

is written in Fortran IV with slight changes for the dRL computer.

The input data needed are listed at the end of the main program.

The first line includes the width of the front (ft), the height of the

front (ft), the two x-coordinates of the opening, and the two y-coordinates

of the opening measured from the lower left corner of the outside of the

front wall (looking at the front). The seconJ line of input data include.

the reflected shock front pressure (psig), the stagnation shock front

pressure (psig), the shock front speed (ft/sec), the length of the side

wall (ft), sound speed in reflected pressure region (ft/sec), and total

duration of the input shock wave (sec). The third line specifies a

new set of input coaditicns for the case in which there is no wall

opening. The negative numbers (-10's) replace the coordinates for the

opening. The last lirte har the same meaning as line two.
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* TB 175 OCO LOADING OF STRUCTURES-COULTER 4911 1
* LIST(START) A4.

s MAXTI 51MINS. 3
s MAXOI80001LINES 4

* C OUTSIDE FRONT WALL - SINGLE OPENING 2
DIMENSION W( 1Ob*Hf10),T(5OhtP(lO.10,5~vPTI IC,10,50),FORCE(1O91O,5 5

101 A5
I FORMAT46F12*5) 6
2 FORMAT(IHIIX,4HW-FTt7X,4HH-FT,7XSNTlNE-SEC. 7

13XdL2HPRESSURE-PSI,5X,9HFORCE-LBS,5X,11NP-T PSI-SEC//I) A7
3 FORMAT(3X97HOPENING) 8
4 FORMAT(2(F&.3.5X)tF9.6,5XF6.3,10XF6.3,8XFLO.6) 9
510 READ(5,1)WD,14TvA1,A2#B1,82 t0

IF(WD)5009500#520 AID
C PLACE BLANK CARD Ar END IF DATA CARDS AAIO
520 READIS, 11 PREFtPSTAGtUALCREFvTO 11

WRITE(692) 12
C IF NO OI'ENING9 PUNCH ALL NEGA(IVE NUMBERS FOR A1,A29F1,ANO B2* 13

W(1)-=000 14
H(01=000 A14

IFIA1.LI.O.O 127*28 AA14
27 AFRONT=WD*HT AAA14

GOTO 33 AA814
28 AFRONTZWD*IIT-(A2-AI )*4B2-B1) A14

33 DELWzWO/20. 15
DELA=O.01*HT*WD A17

L=1 817
DO 300 I=1910 i8
WI !)=W(L).DELW 19

DELW=WD/10* AAI,9
L-I A19
M=I 819

H(I U=0.O C19
DELH=HT/20* 019
DO 300 J=1910 20
H(J1ý-H(M)+OI-LH 21
DELH=HT/10. AA21
MZJ A21

T(I =0 22
PT( ItJtl)=O 23
N=1 A23

KCK= 823 A
DELT=(WO/U)/ 1000. C23

DO 300 K=1v5O 24 2
TBK) :T(N)+DELT 25
N=K A25
IF(AI.Lr.O..AND*8I.LT*O*)GOTO 100 26
iFIwI 1).GT.A1.ANO.W111.L1.AZ1 29,32 27

29 IF4H(J)wGT*BI*ANC*H1J1*LTsB2) 31*32 28
100 IFIWIII.LE.WD/2..AND.W(I).LE.MT-H(JUISOTO 110 29

IFI(I~).LE.WD/2..AND.W(I).GT.HT-HIJI)GOTO 120 30
IFIW(I).GToWD/2..AND.WD-WCII.LE.HT-H(J))GOTO 130 31
IF(w(I'.GT.WD/2..AND.WD-WII).GT.HT-"tJ))GOTO 120 32

S TOP 33

110 C=dII) 34
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DRuAMINl(W0/Z.,HT ) A34
GOTO 50 35

120 DuHT-H(J) 36
DRmAMlIN(WD/2.,HT ) A36

30GOTO 50 37
10D=WD-W(I) 36
DRwAMIN1(WD/2*,HT ) A38
GOTO 50 39

32 IF(WfI)*LEeAleAf40.H(J)*LT*S1) GOTO 5 40
IF(W(1)oLEoA1.ANDaI4IJ).LE.62100T0 6 41
IFIW(I).LE.Al1.hND.14(J).LE~hT)GOTO 7 42
l F(W(I).LE.A2*AMNod4J)*LE.S1) GOTO 6 43
IF(W(I).LE.A2.AND.144J).LE.HT)GOTO 9 44.
IF(W(I)eLE.WD.A?4D*t(J)d.T.851)GOTO It 45
IFI(WI).LE.WD.AND*tI(J).LT.S2)GOTO 12 46
IF(W(I).LE.W0.AND.H(J).LT.IIT)GOTO 13 47
STOP 48

5 D1aSQRT((B1-*4(JI)**2*(AI-W(il)**2) 49

OR=Al A50
GOTO 50 51
6 =AKzNIMUTAI-WIi.-HIJI 52
DR-A 1/2. A52

*GOTO 50 53
7 D1=SQRT((HIJ)-82)**2*(A1-Wti))**2) 54

D-AI4NI(W(I)v,01,MT-H(J)) 55
DRsAPIt4I(AlItIT-BZ) A55

*GOTO 50 5
8 DmAMNIN(WIII,81-K(J)diD-WIII))

OR=6BAIJ
GOTO 50 I

9 Du*MI1N1I(W(I)HT-H(J),H(J)-B2,WO-WI1)) 59
OR=tHT-82)/2.45
GOTO 50 60

11 D1aSQRT((81-H(J))**2,(WlL)-A2I**2) 61
DsA*HIN(BI-H(JlW( I)&D1) 62
OR=WO-A2 A62
GOTO 50 63

12 Dz*MIN1(Vn-W(I),WtI)-A2,HT-H(J)) 64
OR=(WD-42 3/2. A64
GOTO 50 65

13 01=SQRT((H(J)-B2I**24(W(I)-A2)**2) 66
*D=ANIN1(DItWD-W(I),HT-H(J),W~fI) 67

ORuAP4IN1 (WD-A29HT-82) A67i
50 TRaD/CREF 68

ORsAMINI(W0I2*tHT A 68
TC2 * 5*DR/CR EF 69
IF(T(K)*LEsTRIGOTO 10 70
IF(T(K)*GT* TR *ANDoTIK)*LE*TC)GOTO 2C 71
IFITC.LT.T(K).AflD.T(K).LE.TO)GOTO 30 72

10 P(iJvK)mPREF 73
GOTO 200 74

20 IFITIK).GT.TR.AND.TtKI.LT.(2.5*TRJ)GOTO 22 7
21 P(I,J,K)=PREF*EXP(-.36*(T(K)-2.5*TR)/(TC-2.5*TR))*e70 A75

GOTO 200 AA75
22 P(IJtK)ZPREFSEXP(-0.2320*IT(K)-TR)/TR) 875

GOTO 200 76
30 P( It JAKI PSTAG 7
200 DELPT*P(IvJK)*DELT 78

PT(I ,JtK)*PT(19J#KK)*OELPT 79
86



KK K 
A79FORCE4 1.J,KzsP( IJtK)*DELA 
sFORCE( 1,J,K) =FORCE( ItJtK)*144* so0

GOTO 210 
at31 DELTX(XL/U)flo, 

AelIFIK*EQ*50)GOTO 530 6
GOTO 300 8

530 WAITE(6,3) A 82
GOTO 300 

8283210 WRITE(694)W( I).H(J.TfK)(PflJK),FoCRE(IJK),PT(I#J,KI 
84IF(K.EM.50 WRITE(692) 

A64IFfT(KJ.LE*( 3**WD/2. I/U)3I09330 AA84310 DELlx(WD/U)/Z3* 
AAA846070 300 
AA884330 DELT=IWD/lj)/6.5 
AAC84300 CONTINUE 

684WRITE(6955) 
85320 00 350 Nwl,50 
86mma0A8

FTOTALa.A8 
87PTOTALrD 

A8?00 350 1=1.10 
800 350 M4=1#10 
89IF(P(LMtN)*GToO. )MPMMN41 A69FTOTAL=FTOTAL+FORCE(L#MtN) 
90PTOTAL=PTOT£L+P( LMN) A90IF(L*EQ*lO.AN~oM*qEOjoI) 340#350 91340 IFIMMsEQ*o )GOTO 345 9491

PAV=PTOTALIFLOAT (MM)A9
G070 344 

AC91345 PAV=O. 
AA91344 WRITE(6,66)TlN)vFTOTAL9PAV 

92350 CONTINUE 
93GOTO 510 
9455 F0RMAAT(1H192OX914HFORCE ON FRONT ///95X 95iemyimE-sfCtlox*ISHTOTAL FORCE-tB, 5X92OHAVERAGE PRESSURE-PSIII 9666 F0RNAT'(3XFl0.6,10XFg.1,15XF,.?) 
97500 END 
98

* LIST 
99* DATA 
1001.667 1.167 0.5 1.16? 0.11 05*212.2 5.96 1292a 2.5 1232. 29698 .348 -10. -to* -10. -10.11.4 5.58 1284. e25 1221* *015
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APPENDIX C

HIGH SPEED PHOTOGRAPHS - MODEL 39
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Figure C-1. Shadowgraphs of a Shock Wave EnteringIModel of Basement Shelter P = 5 psi

Precedinhg page blank 91



.:hot 365
":*ra,,.e '.unher
Time, sO

9 0380 L21

11 12463 50L

.3 1

546 587

15 16
629 670

Figure C-I. Shadowgraphs of a Shock Wave Ern:ring Model of

Basement Shelter - Ps = 5 psi (Coctinued)
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Figure C-I. Shadowgraphs of a Shock Wave Entering Model of
Basement Shelter - Ps 5 psi (Continued)
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Figure C-2. Shadowgraph of a Shock Wave Entering
Model of Basement Shelter - P 10 psi
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Figure C-2. Shadowgraph of a Shockr Wave Entering Model of
Basement Shelter PS 10 psi (Continued)
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Figure C-3. Smoke Grid Flow Patterns
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Figure C-3. Smoke Grid Flow Patterns (Continued)
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Figure C-3. Smoke Grid Flow Patterns (Continued)
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APPENDIX D

AIR FLOW TABLES AND VECTOR PLOTS
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USE OF APPENDIX D

Appendix 9 consists of two parts. The first consists of tables of

the results of the calculations made from measurements from J-ze smoke

grids and the second consists of time plots of the first vertical row

of grid Intersections taken from the photographs of Appendix C.

Additional plots of velocity vector fields computed from several grid

interse.,tions are shown for a few discrete frame times to illustrate the

many directions of flow throughout the mcdel.

The tables list the frame tire in microseconds, the x-y coordinates

in inches as measured from an origin at the inside, lower left bottom

of the model, the average velocity of a particular smoke grid inter-

-ection (positions in frames behind and ahead of the given frame in time

are used to find the average for the known camera framing speed),

iverage angle of flow direction measured from a horizontal axis, the

*-."ity obtained from the grid size and ambient gri1 area (density), and

S • lual to one-half the density times the velocity squared).

The first plot of each of the figures shows the path of smoke grid

intersections followed from some initial time labled "start" to end

times "T." Each path of the plot starts at a dot and ends at a time

symbol, circled number. The remainder of the plots for each figure show

average velocity vectors for many grid intersections for discrete times

"T." The vector magnitudes are scaled at I in. = 200 ftisec. The shot

number is given for a reference with the photographs of Appendix C.
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Table D-I. Flow Calculations - Shot 359

i PIE X T '' TA .1 1:Ft.SITTY
IrS Il;t;;iiS ItJC5 FT/SEC ;*1RGR-ES SLSA/CurT Lh/'1F1I

41.2u 0.2670 2.0531 54,2 132.3 .AL2110 3.11
0.2461 1.b019 e, 6 62.7 .*f gQ3 4.03
0,2646 1.266? 4 C. 43.2 .16 , 1.•
0.2648 A,&%.•37 3,.4 -34.1 r.1:222n m .4
1.264b 6,.U-.9ý 2Q.2 nen .M(222A 9t)
C.0611 2.1O%? 15.0 104.-n of2 20W..
0.o648 I.I0.b 72.1 2n.7 rV'2642
on./093 I. 685 S7.9 1S44P .r,,2A9' 1.79[;.,b593 r.. i I1b7 46.5 -41.4 .O r27 flo 2.

0,t944 6.Uflbb ;4,6 P.c;I *U:27 rh I&
1 o352 2.153/ 27.4 8b.2 .r1'15820,9(.48 1 .1111 51.8 -7F .4 r. 1|9N7 •5
f.9815 1.3461 20.1 -- 5.2 04 21 4- 31.41
0.9a15 G.V5?74 42.4 -25.11 .r.;2122 1.fI10,9796 G.0.337 5"8 -If,,4 6 ,1.212.! L. 4
1.$869 2.257 4 17.2 -Z2.n . CC1957 21.y
1.3b69 1,60tll S18.4 -91.1 , (,;204.5 9,91,
1.3963 1.379t 24,4 26.6 .LCG2122 i1.?
1.3556 0.9981 30.1 1C4.0 PC2122 ,1.Sb
1.39G7 O.i']b8 7.3 1t0.f Ccg195w 0.U5

82.40 0.2505 2,u68b 3A.5 -77.5 .GC2159 1.21
0,27c.3 1.b414 5A.3 -42.4 .PC2323 3.9b
0,2793 1.216ui 39.7 -70.7 .P0241 169
0.2793 0.848b S9.8 41,2 .PC2362 1.,7
0.2793 (1.O03b 36.5 -10.6 n(12J62 I.IU
0.6360 2.1135 23C.5 -3P.7 nfh2i92 5h.2;
(.46919 1.b45u 141,7 -44.5 .PC2b5o 26.61
0.b096, 1.2847 56.1 25.7 .PP2027 3.190.6739 0.8901 2P.6 -11.3 C0C2477 t.;2

0.6739 0.003!i 5.6 16r.0 .002477 nj.C4
1.U01 2.1982 15-.6 -127.6 .001927 22.72
0.9766 1.6793 97.8 -5306 .002877 13.75
0.9712 1.4171 42.3 -JC2.8 Cn244h 2.1b
1i010f. 0.9504 48,7 -2.2 .0(:2b13 2,9f%
10U09C G.0036 30.0 .aD .GC2bl3 1.131.2775 2.2631 96.2 -145.1 .0(;2877 13.&7
1.2775 1,b8j1 95.1 -147.9 .C(:244& 1l.O-
1.3387 1.576o 1u3.0 -167.5 .P1:2513 13.49
1.3387 1.'ljOb 34,5 -4P.4 .00251a 1.5V
1.3387 O.UO36 9,5 -168.7 .Pt2877 u.13

Preceding page blank NOT REPRODUCIBLE
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Table D-I. Flow Calculations - Shot 359 (Continued)

y11E. U TPFTA DENSITY w
10,rSEC ItI1CHES IN'AE FT/SEC DEGREES SLUCS/CirT LB/SOFT

12s.60 0.2944 2.,o204 128,7 -74.4 .nG1704 14.10i
0.2907 1.b630 141.9 -102.6 .0(.216H 21.03
0.2778 1.,296 47.4 -87.8 IfnL1892 2.13
0.2944 0.t•796 6.6 56.. .rG23P2 0.C5
0.2944 G,.mn37 5.5 cn .002302 O.C3
0,6389 9.J481 136.7 -89.2 6004105n 36.!
0.7640 1.b074 130.7 -129.9 .DC408Q 34.9L
o.7593 1.2926 99,9 -51.7 .02672 13.33
0.U870 0.9111 35,1 -99.0 P0C2493 !.S3
0.6889 0.0056 3.6 160.n .CC2493 0.02
0,9426 2,1334 169,6 -92.5 .p191h 27.55
1.o222 1.6333 78.4 -72.4 .nD3614 9.2b
0.9722 1.3074 74,2 -62.2 .PC2457 6.76
1.U296 0.5bb 62.9 -112.1 .AC2346 4.65
I.u093 O.j03/ 7,5 166.0 .0C234h 0.7
1.3093 2,2019 108.7 -34.8 .1(s3014 17.8'.t
1.3C93 5 .7 5 0u 70.9 18 *O .6;2457 b.17
1.2963 1.3574 23,7 -67.4 .0V234h o.6b
1.377b 0.9722 18.8 -60.0 .02346 0.41
1.3615 0.0037 9,3 11.3 .0301A 0.13

1'.•u 0.2847 1.9451 219.2 -91.5 .n02504 60,14
0.2486 1.5045 183.7 -91.1 .CG2619 A3.23
0.2811 1.1712 118.5 -84.6 .002317 16.27
0,282: 0.8541 126.1 -130.8 .002456 19.56
0.2GA7 0.0036 82.4 180,0 n002458 8.35
0,6307P 1,784 ,82.3 W94,7 .002217 3h02
0.6090 1.5A59 15P.6 -95.7 .0(2401 27.22
0.b703 1.2072 147.1 -132.4 .002379 25.7b
0,665 0.8559 86.3 -66.3 .02695 10.C4
0.6703 0.0n3b 11.4 170.5 .0D269W o.17
0.9946 2.03ti' 229.9 -67.0 .0(01857 49.,9
1.Onnno 1.o054 92.2 -64.2 .002675 11.38
1.O054 1.2523 107.9 -51.3 .002503 14.b8
ij987A 0.9027 54,3 -92.0 .P02433 J.h9
1.1018 0.u054 20.7 5.2 .602433
1,3658 2.2018 146.3 -50.2 .OU2675 2.161
1.3441 1.7027 "60.1 OoM13
1,3477 1,,55u -77.8 .002433
1.3477 0.9946 38.2 -1&1.3 .002433 1.78
1.3477 0,0054 13.1 11.0 .002675 .023
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Table D-I. Flow Calculations - Shot 359 (Continued)

x 1 F. I I TI FTIt jF'.SI. r Y I

•'*It.r;'sr".{, I Id~ihF. II IJEb F T/i , C . rrr- SL.I ;,'I r ! LC/ I'..F ,

20 (1 ,, ,' t 2699t/ J •P 193,2 .c.q°- • . (.; tb(IS 4s1 . ;:)
tI .,ý670 f, 0 63J 57.2 -. .. 3 .(J ,3il 2f 4 4. %,

t.'•1 3 u -J5" 12 ,7 -. 7.' 0i.1:$/ 21.
0.21 . .d 5.b -1.1 .4 . 1 ; nh i '.2 13

0 * 2 131.'376 if•.• ,t' / .,,j
U~e} ,t 1 J. fit), 298•,9 -. *;)

(3 1 .;,t .14590 22aG ,0 - ,. i, . 0 L. "2 1 .5 e.• ',
t. j.1 1 Ii's? 17.7 -140•.7 .n1:722S 7"?

i,92 u. n2h9 3Q,4 -. '.7 2,7,'17
t. , b 777,.., P r,'7 4 24 tv 171 . 3 2 fli,.f'*7 7,./.

1,u3|5 1,92al 1 0-e5,, P&, ,• 'I '. t:1,158. 0":
3 o•1t 1o'b420' 106J,.2 - % ,6 I r. v2t: f)4 l~

oU'3i.9 I L, ?41 1,4of, -t4 4 Q ,f. 1:S ( r",.
1ot 7• P, • 7( k"o -10.2 ,,( (••1 •(121- .U "h .s ;' h -1 '6 *,,:jb R 5. , I

1 .4(61u Pd1 4 -1/, 174,6 -j3*oQ , (-'.?.I 4 ,l1 . :4
I • kqJ,P' I . , • 12 J. C 1" .1 .6.1:537t! 3'..
1,387tj 0 .e 37 o 7601 -47,1).I2 u• ,'
I *,J7 04 G . 9-1bi 77,7 -,,n,7 ,G j 2!)•, 7.
1 ,3944 loLGS 51, -1: htI2(• . I'

24?°2(1 0,284.7 rl v/ i j 2.7.4 -('.23P,, 3; 1 (+•

u 277:3 1.49.9 76.9 -07.2 . •i.27'lli go 1.1
0,2775 1,1441 7r., - 1r.3, n : ,," /
0,20'r72 In.1 .j th ~ -0n 151 16..2 2 0 f""

I.bl CA 1.1/ 87 l90j C -7 o.2 e.( 4b76 011
oe792b 1.4144 2iI4.4 -!,7,9 C ?-F :14 .

8 0b1 1. i-%t) 145,u -62.4 ,rIs t979 2,1
S.64i,0 1).n234 11 , -71.3 .of :21. 13.1"-
o. o46[s 0.(1,, -2.C1 of21he. 2.7f
U , 9;A2t I h• tbo 2.t i ,1-f.3, 7 ,•.6 747 .3., 11t;
I .u667 I b24. 5;. -52. ', -1~.2041 ;;,7. 1

1.0649 I,167t I3V .3 -kr ] re1.7 . 11 " . t
1 .u649. o ,), 7h7 1 ,(,. 4 -4A,4 .,1,27!h 2's .. : b

I U64' Pou1 9ý.7 -1,1 ol(27f" I I
121o 13 f,(' 2•{ Jr.o, 9,S' ,6. 2 64 3 5.1. 'i
1*4613 J,7 I2-s .,,r, .7 6.4 , 6 P 9284", 21%•-•-
J .39A2 1 °;0'91 301.5 71.9 .(.{27hef, 12..rt.
I *.3964 013051 123.1 -26.2 .Cl.27n6 2;1 1

6 .uO•3 b6.2 -1.2 f. L.?.3 43 '.

NOT REPRODUCIBLE
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Table D-X. Flow Calculations - Shot 359 (Continued)

iI IE x Y U ThETA DENSITY
"MiceOSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/!,JFT

286.40 0.2889 1.6778 147.6 -69.3 .602051 22.35
0.2907 1.3074 273.5 -88.1 .P02405 A9.94
0.2722 1,40/ 160,6 -E6.7 .001785 23.12
0.2630 f.6444 80.2 1.3 .D02b:5 8.22
0.2630 0.u019 7.3 A., .0(02555 Q.r7
0,8907 100833 136.8 -67.7 .04221 39.48
0,8056 1.3722 110.1 -77.6 .002833 17.17
0.7275 1.u574 138.1 -36.4 .nn2109 20.12
0.7278 0.7222 71,6 -7.3 .0(12553 6.5b
0,7278 0.0056 72.9 1.4 .002b53 6,79
1.1241 1./37u 274.6 -46oQ .001725 65,1;,
1,1241 1.4241 167.9 -6901 .00269A 37.7

1.12AI 1.1222 69.6 -47.1 .A2667 6.47
101241 0,8074 105,9 -63.4 .00270)4 15.18
1.1222 0.0037 7.5 -166.0 .002704 f.c8
1.bI1i 2.1259 194.4 -6.5 .002688 5(.70
1,5148 1.b741 218.4 -70.5 .002667 63.63
1,4796 1.2204 158.5 -46.4 .02704 33.99
1,4796 0,8815 97.9 -45.fl P0-2704 12.97
1.4796 0.u019 67.4 0.0 .3012688 6.11

2%9.6c 0.2865 1.6b09u 121.5 -114,6 .002034 15.C2
0,2665 1.1856 28e2 -93.8 .003391 f.'4
0,2865 0.9856 64o6 -29.5 .C(2b35 5.9,
0,2665 0.7586 88.7 45,q .002383 4,38
0.2865 0.0014 95,5 -1.1 .002383 10.87
0.8162 1.6036 239.7 -134.7 .003694 106.12
0.8162 1.34181 145.5 -124.5 .003736 39.52
0.7207 1.U77b 73e9 "59.5 .002312 6.:1
0.7171 0.8144 55.7 47.7 .002623 4.37
0.7189 0*O018 37.5 -2.9 .002623 1.C4
111838 1,6486 162.6 -54.8 ,nO1782 23.57
1.1261 1.4694 95,7 -30.6 .002772 12.70
1,1117 161171 68.2 -52.8 00256fQ 5,97
1.1117 0,7820 42.3 12.8 .002607 2.33
1.0577 0.0018 43ol -2.5 .002607 2.42
197243 2.1387 157.3 0,0 .002772 34.30
1.5333 1.5261 140.9 -2345 .902569 25.5U
1.5063 1.1856 105,5 -16.5 .002607 14,50
1.4649 0,8667 87,1 -25.5 .002607 9189
1.4649 0.0036 80.6 1.3 OC2772 8.99
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TablA n-T 1 'a1f^•."1 4._^,i - CI.^.. ZCl ,.

x l" x U TF F.TA I)F' V I TY Y
'11 i.POF" ISEC FtCES ItCilFb FT/SEC .E -P S•Lt(;s/CIF T Li/ -":F

S 37 u.41,0 0 o 2189 1,.,b 6 w 146, v -11 4..' 0 1, ,3OF,4 .32. 1

0*26&.9 1.279b h,6 -123.7 ( *(129t7 f)
003273 1.,i 'y 2.7 22.0o 1 ) I2564 fl.7k
Ui,3241 1"7. 7 4 5n0.6 -59.7 ., (J250QI 3
(1 035/4 6 ki P U (10"( . I 1 5153.4 r-02591 I1 9
0,12A41 .hI148 156,9 -6,7.3 G (;L297h 3 t,o .7 741 1 1253/ 135.6 -• .S .6 ;_ ,1.2,44,4 22 !,t•
u,764& 0,9944 12a.2 -6n.2 .r.1.2, if'i 23. l7
0,7648 0.,6,3u 140.5 -56°1 .01.2437 24,!)
0,764.8 o jjil/ 76 0 1 . °4 . G('2 4 37 7,' .4

I. W6,7 I. ,L0,1%6 145. 9 -S2.i 0.r I bh 17.eG
1.2656 J .375u 117,4 0*e 1 ,.r,;.23.t) 17. ;, 4

1 61'4 8 J . t68! 143.= 6•• _'2 A (2 P h /

Io , I 4b P• eIb a 6U5,7 ý-7%, f . D('2 4 9 I.S.90.
I1. 164A f)° ,• 0 j 40 , Z;°0 7 G 1.- 2.49. t 24 "12

1.b426 I.bl8b I U.) 47 ,d ,0h.258.5 1h.2
1.579h 1.19)0/ 97,9 -20. ,' Gij24nt 11.96
1.55714 0,b.44 107.n -13. 8 t0l.24Q1 t4.25

1.bFP3 (u.13/ 134.9 - C. .. A(:2b ') 22. 87
412.,r0 0.227f 1 .477) 124a, -66.1 .r o243 h

O,2R29 1.IF,02 114.3 -71.9 .003427 22.+"1
U.3C81 0 ,9 r, 4 o 163.0 -S-1.3 .'U2288 31.3,9
0.3117 0.7 1:5 fil'o -SIC. ( .CC23111 4.Z9
0.2793 Ou6b, 4 33,., 176.11 .n(0230 b 1.31
018230. 1.4AA4 364.3 -6,• . *0ri377a' 2b•. 19
0.6o•- 1,1748 324.6 -17t, A OC.321) 168.,; 1
0.7838 ,.v67b 1v567 3.5 .Ifi2172 37.4t

0.7946 0,o091 1J30oQ -t-6.1 .002681 22,97
0.794A O.u.i3o 73.1 -1.5 .002,81 7.1t
1.17a4 1.3ti45 278.6 -48.3 .NJ1527 59,21
1,2.3( 1.629 197.5 -158.6 .003084 60,.,te
i.2'141 .u4_u 151. -J7.3 . m02855 32.5,"

1,2C0C' 0.21b1 166.8 -32.6 .00269.3 3?.4,

1.1964 (.tr30 140.,i 0.0 . r02F.93 26,'YIo;'l 2.12i;u 196.h -0C.8 C(.03084 5t,. U4
1,b072 1.4468 231.1 18,4 01;f12855 76.!b
1.5910 1.1387 159.4 -29.6 .pn26q3 34.Z t',
1.b676 0.6414 122.5 -23.4 GG(2693 20. 2,

1.59A2 O.u.1s 112.4 -1.0 .0..3084 19.48
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Tablo b-I. Flow Calculations Shot 352 (Continued)

T1VE X Y U THETA DENSITY
¶•7ROSEC INCHES MlCHES FT/SEC DEGREES SLUGS/CUFT LB/SOFT

453.20 9.28A9 1.4556 75.1 -39.1 .002206 6.23
0,3241 1.1722 98,7 -85.8 .G021A2 10'ss
0,3241 0,8481 114.4 -99.2 o0019i1 12.9t'
0,32'1 0,6463 10094 -1CI.5 .002424 12,22
0,3241 0.0019 10,9 n,0i ,002424 0.14
1.0463 1,3537 176.6 -90.6 t006033 94.26
190296 101556 114.9 -48.2 D0(15891 38.*5
0,9481 1,u056 126.5 -4195 ,002476 16.61
0,8370 0,655b6 95,9 -M1R2 ,002183 10.96
08370 0,0,19 56,5 1.8 .on2383 3.,1
1.4n00 1,4000 370,8 -14.5 .002163 148,73
1,3074 1,2093 238.0 -37.2 ,002266 64.17
1.3n74 1.U241 117,8 -5M,1 .002659 18e44
1,3037 0.7278 99.3 -4792 .002918 14.,8
1.3037 O.Uol' 42.1 -5.0 ,002918 2.5b
1.9519 2.uu7 9.1 90.0 .002266 0.09
1,8593 1.b907 212,1 -13.9 *002659 59.1.S
1.7167 1.013u 158.5 -0.7 ,002918 36.67
1,6685 0.7963 141s4 -38.2 .002918 29.19
1,6704 0,0019 116,7 1,8 ,002266 15.42

49*.40 0.2847 1.4306 81.9 -G1.5 .n02632 8.,83
0,2901 1.U829 141.0 -100.7 ,002810 27.95
0.2901 0.8829 75.8 -110.2 .001992 5.73
0.2919 0,b18U 86,3 -62.9 .002334 8.68
0.2901 0.0054 39.4 27 .002334 10*1
0.8216 1.2739 216,4 -41.1 .002611 61.11
0,8775 1.0901 199.4 -28.0 003388 67.3b
0.8775 0,8841 148,9 -68.6 .002369 26.2b
096541 0,6252 12.0 -38.7 .003013 0.22
0,8505 0,0054 28.1 0.0 .003013 1.19
1,5333 1.4126 222.3 -29.6 n002157 53.30
1,3910 1,1405 199,4 -25.6 .004005 79.60
1,3009 0,9495 11992 -30.2 .002251 15.98
192667 0,6541 38,4 -43.0 .002607 1.92
1,2378 0,O00O 3090 -3.6 ,002607 1.17
1.8991 2,1297 •178.3 .004005
14810,3 1.,364 -179.4 t002251
1.7477 1.1369 115.0 -30.3 .002607 17.23
1.6775 0.7550 101.3 -19.4 .002607 13.37
1,7135 0,0054 174,• 0.0 ,00400S 60.75

110



Table D-I. Flow Calculations - Shot 359 (Continued)

I I NE x y I 1h-ET ,;F 0N'SITY W
'-ILP3SO'E; I NL11S II,-ilES FT/SEC )F':GPF._i SLUGS/rIirT L Sbf I

, 0.2741 1.3759 0 .4 .fn11722
0,2901 1.u362 READINGS IiNVAIID
01.2U.1 0.7776 132.7 -91.7 .00243h• 21,4h

0,363b fl.b71,4 127.9 -39.7 .002698 22,'-h
0 .,3630 ( .u103/ 105.8 3.n r 0026q8 t1.11
142074 1.21,31 269.4 -46.4 rC1f7247 267.93
1,z037 I. u434) READINiGS ]INV A 1. 11

1,0019 ,.668b 171.4 -43.7 *0 027 A1
o,8463 0.o4bi 59.5 -117.3 00n2385 4.22

0.8646 0. U ".19 33.3 17nf.b .012385 1o02
1.b907 1.?21)u 180.4 -tin. I .GtNOb71 10. Ii
1.4b52 1.1241 J42.7 -61 .8 . r, :i40)3 55or6,,
1 40Q93 .9640 113.4 -.43 7 , P*!27 114 17,91
1,3315 r,.7 .019 62.9 - 2-"-1 0 r ii 234Q 4 . )b

I1o3.3 33 O U 3o 11• 13.6 11.3 60~f2344 j.,

u,2037 1.S741 10:1.9 -28,.9 0nU2784 14,47

1.7 3, f 6.163u 80..3 -2.6 .or02349 7,7
1.8426 D.u.)1l 3,i 153.4 AU.5463 (,.l6

5 7t. C.,O 1.71.53 1.4414 4.,'3 7 -1, n. I RF•APVI '.'S I II'AL'11I

tkn PEAr.ING READH11GS INVAI.DI
11.2703 5.1532 67,1 -1- 14. Q 0 0257 i 5.79
(.3946 O.b4'1 REAPTiiGS ••NVAL Y D
1;,3946 0oubod READ!N4GS INVALII
1,If054 1.U811 179,8 -69.4 KEAPUIN• IeJ"ALIU
NO READING READIJIGS I\PVAI.Lb
1.000" Co./767o READIIGS I:I.ALI 1)
0,8270 0.b730 READIIIGS P:¶,AL1IB
0.8180 0.6jOb REAPINIGS 114 AI.T 1i
1,5369 1,;342 194.7 -135.4 00a1855o 35.5b
1.4577 1.0162 244.8 -99.2 .GU45h7 1136.CS
1,3820 Ci.8721 383.4 JC306 .002851 21(9.51
103243 0.b306 READINGS INVALID
192559 0.1b036 READI"JGS TIVAI.JI
2,0883 2.124A3 READI HGS I;NVALt b
1.8991 1.9477 READIIGS I NVAL 1)
1.8000 1,0577 REL.)I GS I NVAI.I1
1,7568 0,/514 27*6 -7r,.3 .002718 1011.
1.7063 1. jf)SU 112,4 179.1 f0W4567 28.84

III



Table D-I Flow Calculations "Shot 3S9 (Continued)

1IIl• x T U THETA DENSITY U
'II(ROSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/SOFr

616.00 0.2815 1.333 READINGS INVALID
0.2093 1.0259 READINGS INVALID
0.2407 0.7444 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS-INVALID
1*2093 1.0352 76.6 -92.7 .005310 15.59
1.2000 0.7537 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVAI.ID
'10 READING READINGS INVALID
1.4537 1.1556 147.7 -92.1 READINGS INVALID
1.4463 0.8852 13796 -11.5 READINGS INVALID
103204 0.5963 03490 7.0 READINGS IN'VALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
1.7722 0.7370 56.8 -47.6 READINGS INVALID
1,7315 0.0037 169.6 -2.5 READINGS INVALID659,20 NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
1.0018 1.0054 READINGS INVALIO
1,0018 0.8757 READINGS INVALID
0,9856 0.7135 READINGS INVALID
0,9730 0,5171 READINGS INVALID
1,0016 0,0036 READINGS INVALID
1,5315 1.0883 135.8 -24.4 .001039 9,57
1,5910 0o9892 66,2 -61.3 .000766 1.68
1.5135 0.,883 76,5 21.5 .002191 6.41
1.3676 0.5856 READINGS INVALID
1.35W2 0.0018 READINGS INVALID
1*9027 2,2486 READINGS INVALID
2,0847 1.4396 READINGS INVALID
0.1928 1.1153 READINGS INVALID
1.7946 017099 72*3 -31.2 9002633 6,88
1,8739 0.0018 .41.2 -2.6 .000766 0.65
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Table D-11. Flow Calculations - Snot 363

I11E x V U THETA DENSITY
MICROSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT L8/SGrQ

41,50 1.2185 2,1852 41,7 -177.,4 .002411 2.091v2167 146537 52.6 175.8 '042565 3,55

1.2185 1.2074 74,6 -157.2 .002955 8o21
1,2185 1.1000 6994 -172.0 .002502 6.03
1,2167 090037 6I, -178.4 .002502 5.61
1,8907 2*2241 12,8 115.2 •002508 0.20
198537 196315 98.2 -167,6 .002604 12.55
1,8259 1v1444 99,6 -160,8 .002416 11698
1,8241 0,9463 87,6 -166.0 .002494 9.57
1,8241 090037 83,2 -178.7 .002494 8,64
2#3204 2*0000 76,6 -148.2 .002593 7,61
2,2833 1,6093 84,6 -169.5 .002550 913
292278 1:1370 104,6 "170.5 .002181 11.92
292296 0,8963 10393 176.8 e002275 12.13
2,2093 0,0037 101.3 178,9 .002275 11.68
2.9315 199889 75,5 -159.1 .002550 7.27
2,9333 195944 90,9 -156,3 .002181 9,01
2,9315 1,1222 83,6 -174.7 .002275 7.95
2.9315 0.8315 84.3 -170.8 .002275 8.08
2.9315 0,0037 83,3 177.4 .002550 8.85

83000 1,1192 292626 5.3 -45.0 .002264 0.03
191784 1,6879 64,4 -133.6 .002359 4.90
191640 1,2155 46,5 180.0 o002639 2.851.1640 1,0882 46,8 173.2 .002416 2.65
1,1640 0.0000 44,7 177.6 .002416 2.41
1.8919 292626 82w6 172.2 ,002356 0.03
198018 146515 44,2 165,4 ,002286 2.23
1.8016 1,1189 67,7 -164.1 .002540 5.82
1,0018 0,9234 6196 -. 74.8 .002464 4.68
1.8018 0,0038 63.2 -178.3 ,002464 4.93
2.3027 2,0346 4683 157,4 .002377 2.78
2,2595 196266 50.7 -151.6 .002351 3.03
2e2090 191074 8,3 -153.4 .002286 0,08

2*2090 0,8890 39,2 174.6 ,002296 1.77
2#2090 0,0038 14.9 180.0 .002296 0.25
2,9171 2,0500 47o6 12897 .002351 2.67
2,9189 1,6093 41.6 -153.4 .002286 1.98
2,9189 191150 33.9 170,5 .002296 1.32
2,9189 0.6315 35.9 158.7 .002296 1,48
2,9189 0,0057 33,5 -176.8 .002351 1.32
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Table D-1I. Flow Calculations - Shot 363 (Continued)

TIME X Y U THETA DENSITY 0
HICROSEC INCHES INCHES FT/SEC DESREES SLUBS/CUFT LB/SOFT

t24,50 1,2222 2,1615 143,7 m4290 .002487 25967
1,1722 1.6074 60,1 -52.3 .002647 6.13
191722 1.2074 68.1 @52#3 .003243 7.51
191722 1,1056 64o3 m53.8 ,002573 5,33
1.1722 090056 36o2 5.3 0002573 1066
aS0093 2,2352 36o1 -127.0 .002335 1.52
198111 106426 4701 -2.3 .002416 2.66
107611 191259 26o9 90.0 .002300 0.03
1o7630 0.9407 140.4 1903 .002292 22.60
1,7611 0,0019 2,6 -46.8 .002292 0001
292759 2,0185 1396 57,9 ,002267 ra.21
202389 1.5652 13,2 -16.9 o 002716 0.24
2.2204 191333 6,0 107.4 .002271 0.04
2,1907 099000 Go& -122.1 .002273 0005
291944 0o0037 1*$ 16060 .002273 0.00
2.9019 290259 1495 £36.5 .002716 0.29
21,963 1o5759 1.6 0.0 ,002271 0.000
200961 191276 26,1 ,33.2 ,002273 0.90
2.6961 006444 31,5 n5s.6 0002273 1,13
2.6981 0,0019 16o7 -13.3 .002716 0.36

166.00 1*3045 2.1663 21004 -27.9 .002675 59.23
1.2196 8 16342 15006 -30.4 ,002503 26047
1.2054 1.1646 121o7 .36.6 ,004342 32914
1,2016 190365 15509 500.8 0002456 29,86
1,2016 000036 96,S -2.2 ,002456 11.49
1,6703 2,2339 147,7 .10.9 .002453 26.75
103486 1,6496 119.7 02506 0002461 17e65
106016 101457 107.9 *2,0 .003396 19.77
1.1036 100633 65,7 12.5 ,002310 6051
1,1036 0,0019 6#37 103 ,002318 8612
2*3099 2o0461 10692 2494 .002363 13.82
2,2721 1,6227 11690 604 ,002312 15056
2,2072 191131 79,4 m20*6 .002116 6.68
292054 016132 76,6 5.6 .002275 6.67
2.2072 0,0036 74,4 01,4 .002275 6.30
2.9063 2,0595 ;3,7 14,0 *002312 3.3
2.9207 1,6093 o9.7 -9.2 ,002116 5914
2.9423 100997 55*6 000 0002275 3o54
2o9351 0,6047 5400 309 0002275 3.32
209351 00019 55,8 000 ,002312 Z060
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T'able D-It. Flow Calculations - Shot 363 (Continued)

TIME X Y U THETA DENSITY Q
"HICROSEC INCHES INCHES FT/SEC DEGREES SLUSS/CUFT LB/SOFT

207,50 1,4074 2,0833 167,5 m6,5 .002660 46077!*1,3019 195315 15292 -55.2 0020232 32061
1*2667 Jo1315 97*8 -39,0 ,003005 14.37
192704 099852 213e4 -71#2 *002771 63*07
192685 090019 7006 01,6 .002711 6.90

1.9537 2,2074 153.8 30.8 .002321 27.45
1*9185 1.5907 109,7 -27.1 .002515 15.14
198685 1,1222 110.9 -Z9.9 .002770 17.03
1*6463 0.9593 250.8 -70.6 .002305 72,48
1.8444 0,0037 63.2 0.0 *002395 7.98
2,3741 290630 9794 -10.2 .002298 10090
2,35a7 1,3981 6596 "15,3 *002762 5.95
2,2944 19105b 60o2 7.3 .002532 4.59
2o2667 099074 47,6 -29.0 .002323 2,63
2,2685 0.0019 39,8 -2.8 .002323 1984
2,9537 2,0389 61.6 3.6 *002762 5.25
2,9648 195648 3391 10.0 .002532 1.38
2,9537 1.1278 24,2 107.4 *002323 0.68
2,9519 0,6481 26.9 90.0 *002323 0997
2,0537 0,0019 1.8 0,0 e002762 0.00

249,9A 1,4901 2,1455 -92.0 ,002376
1,3063 1,5097 354*6 "60.3 .002587 162.60
1,2811 1.1035 214.6 #64.3 ,001740 40e06
1,2703 0,9353 READINGS INVALID
1,2721 0,0019 READINGS INVALID
2,0018 2*3124 138,8 -7.7 9002314 22.30
1,9459 1.5997 131.6 -36,4 o002705 23.44
1,8865 1*0748 94.2 *52.7 .002287 11.02
1,0665 00276 128,9 -46,2 .002984 24.78
1,6865 0,0019 85,5 0.0 0002984 10.91
2*4054 2,0289 126.9 -46,2 ,002472 20.53
2,3351 1,6055 72,6 -39.6 .002626 6,94
2,2667 1,1206 56.8 m1804 o002162 3o77
2,2468 0,8602 81,9 -50,5 .002395 8.03
2,2468 0,0019 50,2 0,0 9002395 3.02
2,9676 2,90634 96,7 -22*6 ,002628 12.28
2,9532 196036 68.3 29.4 .002162 5008
2,9351 1,1227 71,0 .45.0 6002395 6.03
2,9351 0,6334 46,8 6.8 .002395 2.62
2,9369 0,0019 46,5 0.0 0002628 2.84
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U
Table D-1I. Flow Calculations - Shot 363 (Continued)

TIME x v U THETA DENSITY aMICROSEC INCHES INCHES FT/SEC DEGREES SLUSS/CUFT LB/SOFT

290,50 1,3852 1,4556 216,2 044,7 *002952 68.99
1,3611 1.1633 135,6 041*7 *003514 32.94
1.3593 0*9389 114,7 w62*8 READINSS INVALIDNO READING READINOS INVALID
4O READING READINGS INVALID
2,0907 2,j619 174,5 "58'1 9000545 38.75
2,0241 1.5130 130,3 -54.3 0002612 23.86
1.9278 1.0444 45o6 w7.3 .002532 2.63
1,9352 008667 56o0 -41.5 .002750 4.63
1,9296 0,0037 43,4 00 .002750 2.59
2,4630 1*9704 82,6 "10.7 .002632 9.032.4093 1.5519 99,1 -32.9 .002618 12.66
2,3500 1,0870 96,6 "38.1 ,002618 12921
2,31t5 0,8444 11792 "35,1 .602418 16.60213185 0,0019 9401 2*3 .002418 10.723.0426 Q,0019 7309 -6293 .002618 7.15
3,0241 1,5981 65,9 -25.2 .002618 9.67
3,0037 140778 83.6 -3608 .002416 86442,9961 0,8537 76.2 .49.7 .002418 7.40
3tO00O 0,0019 45,6 000 ,002618 3012332,00 1.6432 1,9944 56,6 ,002636
194072 1.4196 227,0 58.4 .002988 77.03
1,3333 1,0020 42.1 13590 .001845 1.13
1,3297 0,7855 READING$ INVALID
1,3297 0,0038 READINMS INVALID
2,0937 2t1649 142,3 "17.5 .002387 24.17
2,0216 194944 101.3 01*0 9002851 14.91
1.9315 t,0690 13395 "1209 9001898 16.91
1,9297 .7893 8665 -6,7 v002793 10.451,9297 .0019 #1,1 0.0 0002793 11.59
2,4865 2,0136 115.4 2.8 v002552 17.00
2,4160 1.5516 116,6 "9.2 .002612 17,802,3423 1,0614 92,6 -32.7 .002205 9.502,3423 0,7932 7094 "12.2 .002776 6.882,3405 0,0057 31,7 394 .002776 1.39
3,0018 L,9982 50.7 W894 0002612 3.363j0306 1,5672 67.0 019.4 .002205 4095
3.0018 1,0729 82.3 6,5 e002776 9.412.9656 0,7740 9,1 -027.1 .002776 13.362,9&56 0,0019 89,3 w1,R 0002612 10.40
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Table D-If. Flow Calculations Shot 363 (Continued)

TIME X Y U THETA DENSITY Q
HICROSEC INCHES INCHES FT/SEC DEOREES SLUGS/CUFT LB/SQFT

373,50 1,7852 2.0611 174,5 5,7 ,002635 40,13
1,4796 1,3759 204e9 8.6 *002483 52015
1,3296 0,9685 122.0 -15.5 READINS8 INVALID
NO READING READINGS INVALID
NO READING READING$ INVALID
2.2259 291463 172.2 14.9 0002605 38.63
2.1259 195111 159.2 21.3 .002758 34.94
2,0574 140148 161s2 -2.7 .003151 40.93
2,0204 0,8537 141,6 i90 0 .003101 31.10
290204 0,0037 148,4 0.7 .003101 34.13
2,5778 1.9759 10040 -5.5 0002780 13.89
2.5241 1.5333 117,8 3.7 .002736 18.99
2,4278 100370 132.2 w2.5 .002482 21.68
2,3870 0,8296 98,6 13.5 *002373 11.54
2,3500 0o0037 97,7 1.1 .002373 11.33
3,0926 1,9944 106,8 33,9 0002736 15.61
3,0870 1.5759 6192 -12o7 0002482 4.65
3,0852 190870 75,8 11.7 .002373 6,81
3,0852 0,8093 83,8 6.6 .002373 8.33
3,0889 0,0000 83,2 1.3 .002736 9.48

415,00 1,8162 2.0116 20391 *49.5 .003127 64.48
1,6090 1o4503 18685 -14,9 .002661 47.29
1,4505 0,9694 16996 3.8 ,002169 31,18
1,4324 0,7932 READING$ INVALID
1,4342 0.0031 READINS8 INVALID
2,2595 2,2090 8550 -10.1 .00274t 9,90
2,1694 1,5518 138.4 -6.2 .002803 26.85
2,0919 1,0614 105,8 -16.4 .002419 13,55
2,0631 0,8353 119.9 -19.0 .003005 21.62
2.0775 0,0038 57.9 5,5 0003005 5.04
2o5856 2,0040 146,7 59.5 o002564 27.58
2.5351 1,5595 81,0 -9,2 .002916 9.57
2,4739 1.0556 95,1 -4.5 9002430 10.99
2,4378 098162 72,3 -18.0 .002784 7.28
2,4378 0,0077 78.1 0.0 .002784 8,49
3,0901 2,0576 6992 -30.7 .002916 6,98
3,0901 1,5538 7500 -29.7 .002430 6.82
3,0757 1,0882 45,4 -35.0 .002784 2.87
39068B 0,7836 30,0 -29.7 .002784 1,25
3*06865 0,0038 18,7 5*7 0002916 0,51
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Table D-I1. Flow Calculations - Shot 363 (Continued)

TIME x Y U THETA DENSITY aHICROSEC INCHES INCHES FT/EEC DEGREES SLUGS/CUFT LB/SOFT

456050 t.9167 1,9074 149,4 -29.3 0003255 36.30
t.6611 1.3274 202,3 -47.9 .002863 58.58
1.4961 0.9796 80,7 -141.7 .002804 9039
1,4963 0,8537 229.5 -17393 READING$ INVALID
NO READIN9 READINGS INVALID
2,3093 2,1315 95,6 -27.5 .002602 11.95
2,2630 1.4963 104.6 9.5 .002994 16.37201574 0.9015 69@, -14.9 .003249 13.12201333 0t$146 9498 -07,0 .003345 15*02
2,0776 0,0093 77.8 000 .003345 10912
2,6519 2,1019 93,6 1505 *002433 10.72
2,6037 1.5204 9401 -1.2 .002950 13306
2,5222 1,0296 47,1 02.3 .002660 2.952,4556 0,6074 67o4 .606 .002516 5.94
2.4276 0,0037 36,4 o6.l ,002616 1.73
391519 109593 69,5 -33.6 .002950 7*13
3.1519 105389 6406 38,6 *002660 5.583.1222 1.0611 57.0 "17.7 9002610 49243.1111 0*7944 46,7 2107 .002616 2.86
391074 0,0019 43,4 0.0 .002950 2,78

491,00 1,9459 1,9366 230.9 52e9 .003361 90.16
1,7441 1,3009 237,6 -14.0 0002990 84.421,3674 0.9196 245.0 -11.8 *001S12 54.41
1,2054 097663 READINIS INVALID
1,2054 0*0038 READINSO INVALID
2e3441 2,1649 92,06 10.4 0002405 12.04
2.2721 1,5346 106s2 4.0 .003014 17901
2,1784 1.0364 104.3 3.1 0002,96 14.67
2,1566 096231 63.1 10.3 t0C3343 11.56
2,1550 0,0038 102,7 0502 .003341 17.622,6757 2,0269 136M5 -52.2 4002910 27.18
2,6266 1.5576 102.3 0.0 .002852 14,91
2,0207 1o0537 100,7 -4.2 0002601 13.18
2,5045 0,6085 125,6 245 .002797 22.40
2,4739 0,0038 122,7 009 0002797 21.06
3s1477 2,0193 194,6 65a4 .002852 54.13
3vL405 L05940 75,3 1568 0002601 7.38
391297 1,0710 70.6 29.9 0002797 7.01
3.1117 00000 7?,9 45.0 ,002797 8.70
3,1117 0o0038 54,0 2.0 0002852 4.15
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Table D-II. Flow Calculations - Shot 363 (Continued)

T~tlE X v U THETA DENSITY B?ICROSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/SOFT

539,50 2,0556 2t0907 -95.4 ,003091
108907 1,2704 64,6 -63.4 .003812 7.94
1,7370 0,9296 227,3 -5.8 READINGS INVALID
NO READING READINGS INIVALID
NO READING READINGS INVALID
2e4000 2,1481 51.4 69.4 *Q2848 3,76
2.3685 1*5037 62.0 -7.1 .002983 5.73
2c2611 0,9870 90,8 o4o9 .003228 13,30
2*2148 0,8296 93.8 -15,5 .003000 13.21
2,1796 0,0000 92,3 -1.2 .003000 12,77
2.7352 199944 34,4 0.0 .002426 1.43
2,7056 195204 41,0 22.1 ,003189 2o68
2,6222 1.0222 6594 -5.1 .003158 6,75
2,5615 0.8130 56,1 0.0 ,002821 4.44
2,5500 090056 83,2 0.0 .002421 9,77
3,2296 2,1370 39,1 62,4 0003189 2o43
3.2241 1.5593 23,0 "19.5 .003158 0.84
391833 1,0963 37,7 54,8 .002821 2.00
3v1667 0o8500 36,2 3o0 o002821 1,85
391611 0.0037 36,2 "3,0 ,003189 2,09

581,00 t,9207 1,6745 159,9 123,1 .003641 46,53
1,7730 1,2434 5294 -6,1 ,003206 4,39
1.6126 0,8966 226,3 -28,5 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
2,3622 2,2128 89,6 131.6 .002749 11,02
203333 1,5269 20,8 63,4 ,003181 0,69
2,2685 1,0307 24,5 -98,7 ,0J2893 0,872,2468 0,7989 71,8 -53.4 .003628 9,34
292468 0,0019 READINGS INVALID
2,7099 2,0289 9,3 180,0 ,002931 0.13
2,6667 1,5729 37,4 95,7 o003064 2,14
2,5856 1,0480 46,6 94,6 .002630 2,86
2,5604 0,8085 2698 33.7 .002948 1906
2,5568 0,0038 10.0 -21,8 o002948 0,15
3,1658 2,0538 10491 -108,8 .003064 16,59
3,1622 1,5863 28,4 -168,7 ,002630 1,06
3,1514 1,1016 9.5 101,3 ,002948 0.13
3,1477 0.8027 16,6 -2696 .002948 0,41
AIA77 0,0019 22,' 0.0 .003064 0,76
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Table D-II. Flow Calculations - Shot 363 (Continued)

TIME x Y U THETA DENSITY Q
MICROSEC INCHES INCHES FT/SEC DEGREES SLUS$/CUFT LB/SQFT

622,50 199685 2q2241 READINGS INVALID
1,9426 1o2648 64,0 28.8 *004217 8963
1,9352 0,8222 8700 -136.7 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
2,3407 2,2148 127.7 153.1 ,002710 22.11
2,3778 1.5222 56,1 133.2 .003022 5,10
292574 0,9630 67,2 0167,3 .002627 1,A74
2,2574 097722 92,5 -161.0 READINOS INVAL!P
NO READING READINGS INVALID
297259 1.9944 89,2 m173.8 .002891 11,4?,
2,7019 1*5574 71,0 173.8 .003305 8,32
2.6185 1,0665 76,0 17805 .002839 8.20
2,6037 0,0278 87,4 -1?3.7 .002788 10964
2,5593 0,0019 119,5 17702 *002788 19.92
391963 2,0389 78,2 -174.4 ,003305 40010
391963 1*5537 75,1 -171.2 .002639 8.00
3,1815 191056 64,4 -162.6 e002786 5.79
3.1815 008426 60.2 172o7 0002786 5,05
3,1633 0,0037 7224 16090 ,003305 8.65664900 NO READING READINGS INVALID
198288 102740 41.3 -82,2 ,003280 2,79
1,5495 0,8372 9394 121.2 ,002665 11.63
1,2360 0,7625 READINGS INVALID
NO READING READINGS INVALID
2,2486 2,2703 READINGS INVALID
2,2937 1.5691 93.3 ,003069
2,1836 1,0116 76,9 ,002789
2,1568 007798 234,0 75.7 9003458 94,70
2.0847 0,0019 READINGS INVALID
2.6216 2,0193 8408 105.3 ,002948 10,60
2,5964 1,5806 7.7 104,0 *002982 0009
2,5099 190499 50e6 m72,9 .002614 3,34
2,4739 097989 35,5 -96*0 a002786 1s76
294378 0,0096 41.1 5.2 ,002788 2,35
3#0883 2,0461 64,7 sIS*4 0002982 6.24
3,0883 1,5748 1864 13590 .002614 0,44
3,0901 1,0825 20,6 -79,7 0002788 0060
3.0883 0,8104 3295 -103.2 9002788 1,47
3.0757 0,0019 9*5 -168,7 ,002982 0.13
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Table D-1i. Flow Caiculatlons - Shot 363 (Continue(t)

TIME x y U THETA DENS!TY
MICROSfC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LK/SOFT

705050 1,8204 2,2667 READINGS INVALID
1.9461 1,2241 134,8 14o9 ,003366 30.57
1.8870 0,9019 10.0 READINGS INVALID
NO READING READIN3S INVALID
NO READING READINGS INVALID
NO READINe READINGS INVALID
2,3370 2.2241 7401 48.8 .002799 7.69
2,3944 1,5500 83,2 1.3 .001741 6.03
2,3148 0.9981 54.8 -8.1 READINGS INVALID
NO READING FEADINGS INVALID
2,7037 2,0759 131.3 85,3 .002562 22.07
2o7000 1.5640 54,2 48,1 .003086 4,54
2,63.3, 1,0204 89,0 5.0 .002902 11.49
2,6000 0,792b 86ei 9,0 ,003043 11.28
2,6000 0,0056 123.1 -2.7 .003043 23,00
3,2574 2,0185 3690 25.3 ,003066 2.00
3,1833 195667 54.7 !6,3 .002902 4,34
3,1852 140852 52.0 12,8 .003043 4*11
391741 0,8111 40.9 -44.9 ,003043 2,54
3.1741 090019 41,7 2.6 ,003086 2,63

747,00 NO READING REArINGS INVALID
1,9586 1,0305 14,5 39,8 *004434 0.47
199495 0,9081 69,7 170,8 .005033 12.22
109359 0,7683 READINGS INVALID
NO READING READINGS INVALID
2,1694 2,3450 READINGS INVALID
2,3423 1,6246 -85.6 .002872
2,2667 1.0135 *96.9 002655
2,2158 0,7721 161,0 -96.6 ,003257 42,20
2,2036 0,0019 READINGS INVALID
296324 291496 84.9 -118,8 .002585 9.31
2,6324 1,6208 51,3 133.5 ,042933 3.86
295962 1.0576 44.9 114.4 ,002656 2o68
2,5586 0,8123 35.5 84.0 *003153 1.99
2,56U4 0,0038 5,3 -45.0 .003153 0.04
3,1207 290615 96,0 -158,4 .002933 13,51
3,1405 1,0902 5,9 71,6 ,002656 0.05
3s1405 i90940 45,9 148.2 e003153 3932
3,1171 0,7817 31,2 162,6 ,003153 1.53
3.1171 0,0038 33,5 176.6 o002933 1065
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Table D-II. Flow Caiculations -. Shot 363 (Continued)

TIHE x Y U THETA DENSITY B
MICROSEC INCHES INCHES FT/SEC DEGREES SLUSS/CUFT LB/SOFT

788450 1c6074 2,2833 READINGS INVALID
1,9593 1,2333 125.7 60o7 .004018 31.75
168165 0,9130 READINGS INVALID
1*7315 0,7667 READINGS INVALID
NO READING READINGS INVALID
2,2704 2.2333 55,8 -151*1 .003256 5.06
2,3a52 1,6037 96.2 88.9 6•03341 15.46
2,3315 1.0315 65,5 24,3 o003414 7.32
2,2963 0,8389 172,8 41.1 .003697 55.16
2,3204 0,0056 94.1 2.3 .003697 16.38
2,6630 2,0019 2667 152.0 .003092 1.27
2,6646 1.6019 46,7 81.1 .003097 3.38
2,6L48 1.0611 19,7 23.0 .002912 0.56
2,6037 0,8278 52.6 6.3 v00-150 4.39
2,6037 0*0019 30,8 0.0 .003150 1.49
3,1665 1.9833 50.8 -127.3 o003097 3399
3,1852 1,5722 51,4 110.6 .002912 3.84
391463 1.109* 32,8 93,2 .003150 1.69
3,1444 0982tA 26,6 70,1 .003150 1.11
3,1407 0o0037 9,2 *12,0 .003097 0.13

330,00 1,6468 2,3105 96,7 178.9 .002579 12,06
2.0198 1,4177 259,9 56.1 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALIr
NO READING READINGS INVALID
2,1207 2.3182 134,8 155.6 .002699 24o52
2,3441 1,7204 110,3 84,2 '002772 16.65

2,3261 1.0403 84,0 24.9 .003804 13.43
2,3405 0,8851 41S,0 24,9 .003775 53.30
2,2973 0O0057 89o3 m192 v003775 15,04
2,6072 2,1630 55,9 68,6 .003066 4.80
2,6396 106668 77,7 69,0 .002917 S.80
296162 1,0652 104,1 41,4 9002772 15.01
2,6108 0,8161 115,0 39.1 o003279 21,68
2,,6Q10 0,9038 72,6 2,9 ,003279 8.64
-ooLdO1 2,0212 74,6 94.3 ,002917 8.11
3,1225 S,6361 7190 84.0 4e02772 7.00
3,1387 1,1265 61,9 41,3 ,003279 6.29
3,1261 0,8066 69,7 46,1 9003279 7.96
3,126x 0,0019 52,1 0.0 0002917 3.95
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TQh 1 ~ PDn rai-tsntp~oif~nc - qhnt 3A' (Cotiu

TIME x Y U THETA DENSITY
M:3ROSEC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/SOFT

871050 10511i 2s2852 99,8 -175.6 .002304 11,47
2.1037 1.4481 40,9 57,9 '03743 3.13
1*9759 0,9278 READINGS INVALID
1,9037 0,8481 READINGS INVALID
NO READING READINGS INVALID
2,1481 2,2889 152o0 -74.1 4002990 34.54
2,3963 1)7130 114*9 99.1 .003008 19.86
2,4074 190667 92,6 54.1 .004133 17.71
2.4481 0,9093 34,1 57.9 *003935 2.28
2,4093 0,0037 60,0 -5.5 .003935 7.08
2,6833 2,0537 25,0 -136.3 .003307 1.04
2,6926 196741 50.1 85.9 303!47 3.96
2,6926 1.1296 121,0 72.6 .003199 23.40
2,6926 0.9000 68,9 49.0 .003114 7.38
2,6759 0.0056 48,8 0.0 .003114 3.71
3,1630 2.0574 106,0 74.1 .003147 17.67
3,1926 1,6426 64,6 63.4 *003199 6.67
3,z926 1,1500 38,3 58.7 .003114 2.28
3,1926 0,8704 73,3 66.7 .003114 8.36
3,1926 0.0037 30.8 3.6 .003147 1.49

913,00 1.5477 2,u;.9 148,4 -142.1 *002872 31.62
2,0414 1,4522 221.3 79,4 READINGS INVALID
NO READING READINGS INVALID
NO READING READINGS INVALID
NO REAr'.,3 READINGS INVALID
2,1622 2,1726 26,3 -171.9 .104006 1.38
2,3261 1,83M5 46,6 85,4 .002831 3,08
2,3602 t.1150 106,5 44,3 ,002943 16.69
2,3586 0,9139 47,4 -41,8 .003505 3,94
2,3568 0.0000 7494 0.0 .003505 9.69
2,5892 2,1458 39.2 174.6 .002904 2.23
2,64'2 197166 Z7,9 11.3 .003001 2.16
2,6523 1,1802 66,6 -35.9 .002720 6.03
2,6559 0,3696 54.0 w2.0 .003162 4.60
206396 0,0056 70.) -105 003162 7.90
3,1189 2,1228 39.4 -98,1 .003001 2.33
3,1514 1.6955 16.7 0.00 .002729 0.38
3,1586 1,1591 40,1 14.4 .003162 2.55
3,1550 0,*'6 53.2 1.1 .003162 4.48
3,1568 0,0008 52,1 0.0 .003001 4,07
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Table D-II. Flow Calculations - Shot 363 (Continued)

TIME x Y U THETA DENSITY Q

MICR'3EC INCHES INCHES FT/SEC DEGREES SLUGS/CUFT LB/SOFT

954,50 1)3944 2,1944 367o7 0169,8 ,002867 195,13

291444 1.6646 359,8 111.5 *003434 222.28
2.0963 049463 READINGS INVALID
2,0222 0,7633 READINGS INVALID
NO READING READINGS INVALID
2*&222 2,2652 301o2 140.8 *003293 149,39

2,4000 1,7593 12699 =17605 ,002960 23,62

2,4833 141407 READINGS INVALID
2o4833 008776 66,8 116.5 ,003894 9.22
2,4833 0:0037 52o& 173:7 :003694 5:42
2,6444 2,o9574 11507 "162o6 ,003479 23.27

2,7296 1,6815 7869 160.0 .003253 10,13

2o7463 1,0907 65,2 162,9 .003517 12.75

2,7463 0,8901 5796 160.5 9003159 5.24

2a7463 0,0037 67.0 -178,4 o003159 7,06

3,1574 2,0185 92,3 -176.6 .003253 13.85

3,1926 196259 110.5 -144.9 .003517 21o47

3,2315 101593 102o3 154,4 o003159 16,54

3,2444 0,8815 08,7 176.6 ,003159 12.42

3,2444 0,0037 67,0 "178,4 .003253 7.29

996,06 1,1874 2,2377 204.2 -156.9 ,002994 64.03

1,9099 1,7656 237.3 147.8 READINGS INVALID

199495 1.0786 92,5 59,8 READINGS INVALID

A,9253 0W7893 82,8 9.0 READINGS INVALID
NO READING READINGS INVALID
1,9297 2,3623 122.7 190.0 *003046 22o93

2,2000 1,8258 100,2 130,5 READINGS INVALID

NO READING READINGS INVALID
2,3279 019752 100.6 7006 e003581 18.10

2,3045 0,0057 7,4 0,0 .003561 0.10

204793 2.1AA3 31,6 o1O8,O .002926 1.46
2,5694 1,7434 7169 136,9 ,003420 10,65

2,5712 1.2051 100.5 92,1 .003637 13,31

2,6016 0,0690 41.6 79.7 .003226 2.79

2,57R0 0,0019 7,4 0.0 o003226 0009

3,0270 2,1209 46,3 105,0 ,003420 3,98

3,0613 1,6323 29,8 93o6 ,002637 I)17

3,0667 1.2032 50,1 58,7 ,003226 4,04
T90667 0,6755 12.5 *26.6 ,003226 0,25

3,0901 000019 5,3 45.0 ,003420 0.05
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MODEL 39

T

SHOT 359 I"= 200 FT/SEC
TIME- 165 SEC

SHOT 359 I"= 200 FT/SEC
TIME -206 pjSEC

SHOT 359 I"= 200 FT/SEC
TIME-- 412 ,SEC

Figure D-1. Flow Vectors from Model 39 - Shot 359
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MODFL 39

SHOT 363 I": 200 FT/SEC
TIME-208 •5!kC

SHOT 363 I: 200 FT/SEC
TIME - 540 ,SEC

/ I

SHOT 363 I": 200 FT/SEC
TIME -1038 ASEC

Figure D-2. Flow Vectors from Model 39 -. Shot 363
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APPENDIX E

APPLICATION TO A FULL-SIZE ROOM
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The conclusions reached frca the study of the air shock loading of

the front wall of Model 37 may be applied to a full-size room with the

help of the following example.

Assume a full-size room with twelve times larger linear dimensions

than the model and cimpare positions on the front wall similar to model

Positions 4, 4A, and their difference. Figure E-1 illustrates such a

scaled up full-size room. Figures E-2 and E-3 are the corresponding

pressure-time records for the model and those predicted for the full-size

room. Times are scaled by the linear dimensicn factor of twelve.

To understand this better, consider first the loading on the outside

of the front wall. This loading may be divided into three types: (1)

reflected pressure, (2) rarefaction decay, and (3) stagnation pressure.

For example, as the input shock wave of 5.3 psi reflects from the front

wall, the pressure rises to a reflected value of 12.2 psi. The reflected

pressure remains until a rarefaction reaches the gage location from a

distance, D = 2.5 ft, the nearest reLeving edge. The first rarefaction

arrival time, TR, may be caliulated from Equation E-1.

TR = D/CREF , (E-l)

where CREF is the sound speed, 1232 ft/sec, in the reflected pressure

region.

The reflected pressure decays by a series of rarefaction waves

which arrive from the other more distant relieving edges. After a

clearing time, TC, the pressure falls to the stagnation value, PSTAG, of

about 6 psi. The clearing time may be calculated from Equation E-2.

TC = 2.5 DR/CREF , (E-2)

Variations of this equation may be found elsewhere, such as in "The

Effects of Nuclear Weapons," Department of the ArmJ FwTphlet No. 39-3,
Ii q., Department of the ArrW, April 1962.
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where DR is the smaller of the front wall height of 14 ft, or one-half

of its width, 10 ft. A more complicated method of calculating DR by

means of weighting the various parT.s of the front wall for clearing

ability may be used but is probably not needed.

The pressure-time loading on the inside of the front wall is

complicated by the many internal reflections of the entering shock wave.

However, tc understand something of the inside loading, the reflections

may be grouped according to their origin at the interior side walls, or

at the interior rear wall.

No loading occurs inside, of course until the shock wave arrives

at the gage position at a time, TAI, which may be calculated from

Equation E-3.

TAI = TI/U + DI/UI , (E-3)

where TH is the thickness of the front wall, 2.5 ft, U is the speed of

the input shock wave, 1293 ft/sec, DI is the distance measured from the

edge of the entrance to the gage position, 2.5 ft, and UI is the speed,

1178 ft/sec, for the transmitted shock wave pressure of about 1.5 psi

calculated for the position.

The first of the group of reflections, 3 psi, returns from the near,

side wall at a time calculated from Equation E-4.

rW = 2 DR2F/UI , (E-4)

where DREF is the distance to the near side wall, 1 ft away. The

reflections in this group repeat with a period proportional to the width

of the room. Equation E-5 gives this relationship.

PERIOD = WDI/CCl (E-S)

where WDI is the interior room width of 15 ft and Cl is the ambient

sound speed, 113C ft/sec.

The last group of reflections returns from the back interior wall

at a time equal to one round trip of the length of the room, is given

by Equation E-6.
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TB 2 (XLI/U) + (XLI/CI) , (E-6)

where XLI is the length of the roam and U is an average speed (U + Cl)/2,

of the speed of the input shock wave and the speed of the shock wave

(assumed to be Cl) when it reaches the side wall. These reflections

occur with about the same period as those from the side wall. They

decrease in pressure amplitude until, at about three round trips of the

room, stagnation pressure is reached.

The pressure difference curve betweei the outside and inside loading

of the front wall will follow times as calculated above.
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ifl

-E A= 52F.?
V a 3750 FT

V/A , 72 FT

14'

INTERIOR -10'x 15' x 25'

ALL WALLS -2 1/2' TKICK
ENTRANCE- 8' x 6 1/2' 0 -GAGE POSITION

Figure E-1. Full-Size Room
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Figure E-3. Records for Model 37 Scaled to a Full Size Room
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